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1.0 Executive Summary

The Plan for Analyzing and Testing Hypotheses (PATH) is a formal and rigorous program of formulating
and testing hypotheses. It is intended to identify, address and reduce uncertainties in the fundamental
biological issues surrounding recovery of endangered spring/summer chinook, fall chinook, steelhead and
sockeye stocks in the Columbia River Basin.

The objectives of PATH are to:

1. determine the overall level of support for key alternative hypotheses from existing information,
and propose other hypotheses and/or model improvements that are more consistent with these
data (PATH refers to these analyses as “retrospective analyses”);

2. advise regulatory agencies on management actions to restore endangered salmon stocks to self-
sustaining levels of abundance (PATH “prospective analyses”, based on decision analyses
techniques); and

3. assess the ability to distinguish among competing hypotheses from potential sources of future
information, and advise institutions on research, monitoring and adaptive management
experiments that would maximize learning.

PATH products are reviewed by an independent Scientific Review Panel (SRP). This further scrutiny by
independent scientists ensures that PATH analyses are scientifically rigorous and defensible.

A detailed analysis of Snake River spring/summer chinook was documented in a series of earlier reports
(March 1999 Decision Analysis Report on Snake River Spring/Summer Chinook, PATH Weight of
Evidence Report, PATH FY98 Final Report). The PATH FY98 Final Report also contained preliminary
assessments of Snake River fall chinook, steelhead, and sockeye. This report updates the analysis of
Snake River fall chinook.

1.1 Changes to Fall Chinook Analysis since PATH FY98 Report

PATH completed a preliminary assessment of Snake River fall chinook in the FY98 Final Report.
Although representing substantial progress on fall chinook analyses, these results were preliminary
because not all components of the analyses had been thoroughly reviewed by PATH or the PATH SRP.
Since the FY98 Final Report was published, many of the assumptions and data used in the preliminary
analyses have been reviewed in a series of technical meetings. This review has resulted in the following
changes (sections in this report that provide more details on these changes are indicated in parentheses):

Χ Clarified the definition of the NMFS jeopardy standards (the primary criterion for assessing the
biological benefits of alternative hydrosystem actions; see Appendix I) to only consider natural
origin spawners (Section 3.2).

Χ Revised the structure of the passage models (used to estimate/forecast survival rates of juveniles
through the hydropower system) to model from the face of Lower Granite dam, rather than the
head of Lower Granite pool (Section 4.1).

Χ Reviewed and revised the data sets used in passage models (Section 4.2, 4.3).
Χ Reviewed and revised the structure of the life-cycle model, and the data sets used in the life-cycle

model (Section 4.4, 4.5). The life-cycle model now estimates the spawning effectiveness of
hatchery spawners, relative to wild spawners.
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Χ Conducted further analyses to revise and refine assumptions about various passage-related and
non-passage related uncertainties (Section 5.2, 5.3).

Χ Completed a revised set of retrospective analyses with the passage models (Section 6.1.1) and
life-cycle model (Section 6.1.2).

Χ Completed a revised evaluation of alternative hydro management actions based on the changes
since FY98 Report (Section 6.2).

Χ Completed additional sensitivity analyses of alternative assumptions (Section 6.3).

1.2 Description of PATH Modeling Analysis

1.2.1 General Approach

The PATH modeling approach has attempted to capture key elements of the Snake River fall chinook life
cycle. Like all models, the PATH models are out of necessity simplifications of reality. The PATH
modeling approach uses a series of nested models to estimate both past and future trends in fish
abundance. Survival through the hydropower system (i.e. from Lower Granite dam to below Bonneville
Dam) is modeled using the passage models. Passage models for fall chinook are distinct (i.e. have a
different structure) from passage models for spring/summer chinook. Survival through the spawning,
rearing, and adult life stages are modeled using a life-cycle model. Past trends in fish abundance are
explored through retrospective analyses, which look at the consistency of various assumptions with
historical data. Conclusions from the retrospective analyses are then used to make forward projections of
fish abundance for alternative hydrosystem actions (analyses of outcomes of actions are called
prospective analyses).

Although PATH has made significant progress in compiling and reviewing data sets for Snake River fall
chinook, there remains a large discrepancy between the quantity and quality of data for fall chinook and
for Snake River spring/summer chinook. For spring/summer chinook we had spawner/recruit data for
multiple upstream stocks, directly applicable transport studies, and many years of juvenile and smolt-to-
adult survival rate estimates. In contrast, for fall chinook, we have only a short time series of juvenile
passage data available, and a shortage of data on downstream stocks for use as controls in life-cycle
modeling. In addition, no experimental studies have been conducted to evaluate the benefits of
transportation for Snake River fall chinook, due to insufficient numbers of wild fish to develop reliable
estimates. Fall chinook also experience greater harvest and hatchery impacts than Snake River
spring/summer chinook, which complicate estimation of life-cycle survival rates.

PATH work over the last two years has helped to assess the quality and quantity of available data, and
identify some key data gaps that should be the focus for future research, monitoring and experimental
management programs. In the future, PATH plans to participate in the design of those programs and
evaluation of their ability to fill critical data gaps, which is consistent with our third objective. It is
important to address these gaps within a reasonable amount of time, because delaying hydrosystem
decisions to gather more information may have impacts on the ability to recover the stocks. PATH is
currently developing candidate options for an experimental management approach, in which management
actions are varied over time and space to test key hypotheses and reduce remaining uncertainties. This
approach has been strongly recommended by the PATH Scientific Review Panel. In completing its
experimental management work, PATH intends to explicitly assess potential tradeoffs between learning
and conservation objectives (see Chapter 6 of FY98 report).

Until critical data gaps are filled, projections of the effects of hydrosystem management actions on Snake
River fall chinook must include consideration of the uncertainties that exist because of these limitations in
the data, and differences in the interpretation of the limited data. PATH uses decision analysis as a
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structured framework for looking systematically at the outcomes of management actions under alternative
hypotheses about biological mechanisms that link actions to possible outcomes. This approach was
recommended by the SRP and by independent scientists within PATH as a tool for explicitly considering
uncertainties in the decision-making process, in recognition that decisions cannot wait for all uncertainties
to be resolved. Decision analysis is not intended to provide a single answer about stock responses to
specific actions; rather, it will show how actions perform given the uncertainties captured in quantitative
models.

1.2.2 Management Actions

The PATH decision analysis, under the direction of the Implementation Team, has been focused on the
extent to which alternative hydrosystem actions can prevent extinction and aid recovery of stocks that are
either listed as “endangered” or “threatened” under the Endangered Species Act, or are proposed for
listing. These stocks include wild spring/summer chinook, steelhead, and sockeye stocks in the Snake
River region (analyses described in previous PATH reports), and Snake River fall chinook (described in
this report). PATH is focussed on providing a detailed assessment of hydrosystem alternatives, as called
for in the NMFS 1995 Biological Opinion. Work is just beginning on the design of assessment tools for
hydrosystem, hatchery, habitat and harvest actions affecting stocks in the mid-Columbia region,
conducted by a multi-agency group that includes the Mid-Columbia Public Utility Districts (P.U.D.s).

Table 1.2-1 shows the range of alternative hydrosystem actions that have been put forward for
consideration. In accordance with the priorities on these actions established by the I.T., we have evaluated
four of these for Snake River fall chinook:

A2 – current hydrosystem operations under the 1995 Biological Opinion Interim Action, including
1995 BiOp levels of flow augmentation;

A2’ – A2+ maximize transportation using surface bypass collectors;

A3 – natural river drawdown of the four lower Snake River dams (Lower Granite, Little Goose,
Lower Monumental and Ice Harbor); and

B1 – natural river drawdown of the four lower Snake River dams and John Day Dam.

NOTE: Because most fall chinook are already transported, the A1 option (current operations) is virtually
identical to the maximum transportation option (A2), and was not modeled separately.

Table 1.2-1: Hydro system management actions examined by PATH.

Flow Augmentation
Scenario Columbia Snake

Drawdown of four
Snake River Dams

Drawdown of
John Day Dam

Transportation
(1)

Major system
improvements (2)

A2 X X - - X  - (3)
A2' X X - - X X
A3 X X Natural River - - -
B1 X X Natural River Natural River - -

(1) Smolt transportation involves collecting smolts at upper dams and then transporting them via truck or barge (for fall chinook
most transportation is by truck) past the hydropower system and releasing them below Bonneville Dam.

(2) Major system improvements include extended screens and/or surface bypass and/or gas abatement and/or increased spill.
(3) A2 maximizes transportation using current fish collection methods.
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1.2.3 Uncertainties in the Response of Populations to Management Actions

The modeled response of fish populations to hydrosystem management actions under consideration is
determined by the hypothesized effects of these actions on fish at all stages of their life cycle, and
hypothesized effects of external environmental influences such as climate. For fall chinook, we have
identified specific alternative hypotheses about:

Χ factors that affect survival of juveniles through the hydrosystem (passage models);
Χ timing and magnitude of the effects of drawdown on juvenile survival (duration of pre-removal

and transition periods, juvenile survival rate in free-flowing river); and
Χ factors that affect survival of fish outside of the hydrosystem (estuary/ocean survival of

transported fish relative to non-transported fish, factors affecting ocean survival of non-
transported fish)

A critical uncertainty in determining the outcomes of hydropower actions relying on smolt transportation
(actions A2 and A2’) relates to the relative survival rate of transported fish in the estuary and ocean,
compared to the estuary/ocean survival rate of non-transported fish1. Hypothesized mechanisms for why
transported fish may not survive as well as fish that are non-transported include increased stress on
transported fish, leading to reduced ability to avoid predation in the estuary and ocean, lack of
acclimatization to salt water during transportation, and reduced “imprinting” during transportation,
leading to impaired ability to find natal streams when returning as adults. In the PATH modeling
framework, the relative estuary/ocean survival of transported fish, compared to non-transported fish is
expressed as the term “D”. D is the ratio of post-Bonneville survival rate of transported fish to that of
non-transported fish. A “D” value of less than one suggests that transported fish have lower post-
Bonneville survival rates than non-transported fish (i.e. delayed effects of transportation are present),
while a D value of one suggests that transported fish have the same estuary/ocean survival rate as non-
transported fish (delayed effects of transportation are absent).

For spring/summer chinook, it was possible to use transport:control ratios (TCRs) from transportation
studies to directly estimate D values for Snake River fish. However, because no such studies have been
done on Snake River fall chinook, indirect methods and information sources were used to develop four
alternative hypotheses about D (we refer to these hypotheses as D1, D2, D3, and D4; described in Table
1.2-2). These indirect approaches included estimating D from spawner-recruit data (D values estimated in
this way were around 0.05 to 0.10) and recent PIT-tag data (estimated D values were around 0.2), and
implying a D value for Snake River fish from D values for Hanford Reach fall chinook (implied D was
1.0).

In addition to the value of D, it is also important to consider the trend in D over time. One of the four
hypotheses (D1) assumes that transportation methods in the future (i.e. in forward projection or
“prospective” period, 1997-2097) will be better than they were in the past (the historical or
“retrospective” period, 1964-1991). Because better transportation conditions are assumed to lead to higher
survival rates of transported fish, the prospective D value is greater than the retrospective D value in these
hypotheses. The other hypotheses (D2-D4) assume that transportation in the future will be the same as
they were in the past (i.e. retrospective and prospective D values are equal). None of the alternative
hypotheses assume that D values will be lower in the future than they were in the past.

                                                     
1 Survival of transported fish in the actual trucks or barges is assumed by PATH to be high (0.98), which is higher than estimates

of survival rates of smolts that are not transported and migrate in-river.
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Table 1.2-2: Summary of D hypotheses, described in Section 5.3.2

D Hyp.
Relative Ocean/Estuary Survival of Transported
Fish, Compared to Non-transported Fish Retrospective D Value Prospective D Value

1 Retrospective: transported fish survive much worse
than non-transported
Prospective: moderately worse

D low, estimated from
historical spawner-recruit
data (0.05 - 0.10)

D = 0.24, estimated from 1995
PIT-tag estimates

2 Retrospective: equal
Prospective: equal

D = 1.0, based on McNary
T:C estimates, NMFS
analysis of SARs

D = 1.0, based on McNary
T:C estimates, NMFS analysis
of SARs

3 Retrospective: much worse
Prospective: much worse

- same as D1 - D low, estimated from
historical spawner-recruit data
(0.05 - 0.10)

4 Retrospective: moderately worse
Prospective: moderately worse

D = 0.2, estimated from
1995 and 1996 PIT-tag
estimates

D = 0.2, estimated from 1995
and 1996 PIT-tag estimates

There are major gaps in existing information for estimating D (i.e. lack of Transport:Control and reach
survival studies). The SRP recommended that PATH assess the benefits and risks of an experimental
management approach in reducing the key remaining uncertainties. We have made some progress on this
assessment of experimental management over the last couple of months, and expect to distribute a
scoping report on experimental management options by September 1999. This work also includes an
examination of further monitoring to estimate smolt to adult return rates for transported and in-river fish
using tagged fish from Lyons Ferry hatchery.

1.2.4 Performance Measures Used to Assess the Outcomes of the Actions

The outcomes of alternative hydro management actions are presented in terms of various measures of
how well they perform, both relative to each other and with respect to absolute criteria. Outcomes include
in-river survival of non-transported smolts and projected numbers of spawners, and National Marine
Fisheries Service (NMFS) jeopardy standards that were considered in the 1995 Biological Opinion.
Because the primary goal is to determine the hydrosystem actions that should be taken to help prevent
extinction and lead to recovery of endangered stocks, we focus here on the jeopardy standards. These
standards provide an indication of the ability of actions to increase the spawning abundance of stocks to
levels that will lead to survival and recovery, over short (24 years) and longer (48- and 100-year) time
periods. The standards are described in detail in Appendix D of the PATH Preliminary Decision Analysis
Report, and a primer on the jeopardy standards can be found in Appendix I. Results for each action are
summarized using four summary statistics. Because the relative estuary/ocean survival rate of transported
fish compared to non-transported fish (D value) is a very important factor, we generally show results
separately for each D hypothesis.

1. In-river survival: Survival rate of non-transported smolts from the face of Lower Granite Dam to
below Bonneville Dam. This provides a measure of the direct effects of hydrosystem actions on the
survival of smolts that migrate through the hydrosystem.

2. The average number of spawners: (also called spawning escapement) forecasted by the life-cycle
model over a 100-year simulation period. We also show projected trends in number of spawners over
the 100-year time period. We look at this measure because it gets around some of the assumptions
associated with calculating survival probabilities for fall chinook (see below).
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3. Survival and recovery probabilities: A survival probability is the relative probability (over a large
number of possible combinations of assumptions about stock productivity) that the spawning
escapement of a stock will exceed a “survival escapement threshold”, which for Snake River fall
chinook is assumed to be 300 spawners. This number is based on analyses for Snake River spring-
summer chinook that led to two thresholds (150 or 300), depending on the spawning area of each
stock. Because similar analyses have not been done for fall chinook, we have assumed the higher
threshold for Snake River fall chinook. The survival probability is calculated over either 24 or 100
years. The recovery probability is the relative probability that the average spawning escapement
exceeds a “recovery escapement threshold”, which is 2500 for this stock (NMFS 1995 Proposed
Recovery Plan for Snake River Salmon). The recovery probability is based on the geometric mean2

number of spawners either in simulation years 17 through 24, or in simulation years 41 through 48.

For fall chinook, PATH identified specific alternative hypotheses about factors that affect survival of
juveniles through the hydrosystem, the timing and magnitude of the effects of drawdown on juvenile
survival, and factors that affect survival of fish outside of the hydrosystem. PATH modeled all
possible combinations of these hypotheses. Because each combination of these hypotheses affected
population abundance differently, each combination produced a unique survival and recovery
probability. We report the average survival and recovery probabilities, averaged over all possible
combinations of alternative hypotheses.

4. The fraction of all possible combinations of hypotheses in which the survival and recovery
probabilities exceeds certain critical levels: PATH has assumed a critical level of 0.7 for the
survival probabilities, and a critical level of 0.5 for the recovery probabilities. These levels are
interpretations of language in the definition of the NMFS Jeopardy Standards that call for a “high
likelihood” of exceeding survival thresholds, and a “moderate likelihood” of exceeding recovery
thresholds. We have used the same interpretations of this language for fall chinook as we used for
spring/summer chinook (see Appendix D, March 1998 Preliminary Decision Analysis Report for
spring/summer chinook). This statistic provides a measure of the “robustness” of actions to
uncertainties: A high fraction indicates that the action performs well (i.e. meets the jeopardy
standards) under a broad range of uncertainties. A small fraction indicates that the action performs
well only if certain hypotheses are assumed to be true, and is therefore less robust to uncertainty.

1.3 Results of Retrospective Analyses

PATH retrospective analyses are designed to determine which assumptions are most consistent with
historical spawner-recruit data. We do this by creating different versions of the fall chinook life-cycle
model, with each version incorporating a unique set of assumptions. Then, we run the model to estimate
the number of Snake River fall chinook adult spawners and recruits (adults and jacks returning to the
mouth of the Columbia River) in the historical period (1965-1991) and compare these estimates to the
observed numbers of recruits and spawners. Assumptions that are more consistent with the data will
produce spawner-recruit estimates that “fit” more closely to the spawner-recruit data (see Section 6.1.2
for criteria used to define fit). Fitting the past data reasonably well is necessary for applying models to the
future, but does not necessarily ensure accurate future forecasts because environmental conditions and
system configuration/operations may be very different in the future. Nevertheless, the results of the
retrospective analyses are an important component of the inputs to the life-cycle model.

                                                     
2

The geometric mean is an accepted summary statistic for skewed distributions such as abundances of fish over time. It is
calculated as the nth root of the product of all the values, where n is the number of values (e.g. the geometric mean of 10, 100
and 1000 is 100).
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We used this procedure to explore the following questions:

1. What structure of life-cycle model fits the data better - models that include passage model inputs
or models that don’t?

2. Which passage model and assumptions appear to provide a better fit to historical recruitment
estimates?

3. Do models with input values for “D” fit the historical spawner-recruit data as well as models that
estimate D from these data? What value of D is most consistent with historical data?

4. Do models with input values for the spawning effectiveness of hatchery fish (E parameter) fit the
historical spawner-recruit data as well as models that estimate E from these data? What value of E
is most consistent with these data?

5. Do models that assume that several Columbia River fall chinook stocks3 experience common
trends in ocean survival fit the historical spawner-recruit data better than models that do not?
What is the best way to estimate these common trends?

6. Are certain brood years of spawner-recruit data particularly influential on the results (a brood
year is the year in which a fish was propagated or spawned)?

1.3.1 Summary of Key Conclusions from Retrospective Analysis

1. Models that include passage model inputs fit the historical time series of Snake River spawner-
recruit information much better than simple models that only consider inherent stock
productivity. However, models of intermediate complexity that do not include passage model
inputs provide better fits than most models with passage model input.

2. The CRiSP passage models had a strongly better fit to the spawner-recruit data than the FLUSH
passage models.

3. The best fits to the spawner-recruit data are obtained when D is estimated from the spawner-
recruit information, or when D is fixed below a value of 0.2. Models that fix D at values ≥ 0.2
have a poorer fit to the spawner-recruit data, and models that assume D=1 have a much poorer fit.
However, low D values imply smolt-adult survival rates for Snake River fall chinook that are
higher than SARs of other fall chinook stocks. Estimated D values are generally low (0.02 to 0.05
for all models) unless the spawning effectiveness of hatchery fish is fixed at a low value.
Estimates of D and spawning effectiveness are related because hatchery production and
transportation of fall chinook began at around the same time in the historical period. If spawning
effectiveness is set at a lower value, then less estuary/ocean mortality of transported fish is
required to fit the spawner-recruit data.

4. Models that fix hatchery spawner effectiveness at a high value (0.7 or 1.0) provide better fits to
the historical spawner-recruit data than models that estimate E. However, models that fix
hatchery spawner effectiveness at low values (0.0) provide worse fits to these data than models
that estimate E. Estimated E values are generally around 0.7 to 1.0, unless the D value is fixed at
a high value.

5. Including a common ocean effect that affects survival of several Columbia River fall chinook
stocks results in a strongly better fit over models that do not include this effect. The best estimates
of these common effects are based on data from the Snake River and Deschutes stocks. The
Deschutes stock has similar life history characteristics to the Snake River stock. For instance,
both stocks enter the estuary around the same time, and have similar ocean distributions.

                                                     
3

Fall chinook stocks included in the analysis are the Hanford Reach, Deschutes, North Fork Lewis, and Snake River.
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6. Spawner-recruit data from brood year 1991 has a large influence on estimates of D (and E) in the
life-cycle model because survival rates were very low in that year (much lower than in other
years), the proportion transported was high, and the proportion of hatchery fish spawning in the
Snake River was also high. There is nothing to suggest that the 1991 observation had more
measurement error than other years. If 1991 data are omitted, the D estimate is higher (D=0.2 to
0.3) than when 1991 data are included (D = 0.05 to 0.1). It will be important to assess the effects
of recent years on estimates of D and E, since these years had a high fraction transported but a
lower fraction of hatchery spawners (thus providing more contrast).

1.4 Quick Summary of Results

Χ The hydrosystem actions were evaluated across a broad range of uncertainties.
Χ All actions project an improvement in survival rates and in spawner abundance because of

assumptions about system operations built into the management scenarios, such as mitigation
measures for juvenile fish passage prescribed by the 1995 Biological Opinion.

Χ Projected outcomes of actions depend strongly on what is assumed about D (the estuary/ocean
survival rate of transported fish, relative to the estuary/ocean survival of non-transported fish).

Χ All hydrosystem actions meet survival standards (probabilities of exceeding survival escapement
thresholds are greater than 0.7), regardless of what is assumed about the estuary/ocean survival
rate of transported fish.

Χ All drawdown actions meet recovery standards (probabilities of exceeding recovery escapement
thresholds are greater than 0.5), regardless of what is assumed about the estuary/ocean survival
rate of transported fish. The drawdown actions (A3, B1) exhibited the most robust response
across those uncertainties considered to date, and produced higher recovery probabilities (as well
as higher average spawning escapements) than other actions. This conclusion is sensitive to
assumptions about adult upstream survival (see section 1.6.3).

Χ For each hypothesis about relative survival of transported fish, there is a non-breaching action
(actions that do not involve drawdown of dams) that meets the recovery standard, although there
is no single non-breaching option that meets recovery standards under all assumptions about the
relative survival of transported fish. If transported fish are assumed to have high relative survival
(i.e. high D), maximizing transportation will achieve recovery standards. If transported fish are
assumed to have low relative survival (i.e. low D), then retaining current system configuration
and allowing all smolts to migrate in-river achieves the recovery standards. Non-breaching
actions are not as robust to the current level of uncertainty in relative survival of transported fish
as are drawdown actions.

Χ In addition to transport survival assumptions, model results are sensitive to alternative ocean and
in-river harvest rate targets, alternative survival and recovery thresholds, and (under the highest D
assumption) alternative assumptions about upstream survival rates of adults.

1.5 Results of Assessment of Management Actions

1.5.1 Outcomes of Alternative Hydrosystem Actions

1. In-river Survival

Survival rates of non-transported smolts through the hydrosystem are shown in Figure 1.5-1, for each
hydrosystem action and for the retrospective period. All actions result in an improvement in in-river
survival over historical estimates. B1 (natural river drawdown of Snake River and John Day dams) shows
the greatest improvement, followed by A3 (natural river drawdown of Snake River dams), A2’ (maximize
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transportation using surface collectors), and A2 (maximize transportation using current configuration).
A2, which is essentially current configuration and operations, shows an improvement in in-river survival
over retrospective estimates because A2 includes additional mitigation measures at 1995 BiOp levels,
which are not included in the retrospective estimates.

Figure 1.5-1: In-river survival of non-transported fish (historical and alternative hydro actions).

Results for the other summary statistics (average spawners, average survival and recovery probabilities,
and fraction of runs exceeding critical survival and recovery levels) for each action and D hypothesis are
summarized in Table 1.5-1. Major qualitative conclusions are summarized in the text below. A more
complete set of projected spawner and catch information is provided in Appendix D.

In-river survival of non-transported smolts
FLUSH passage model

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

65 70 75 80 85 90 95

Year

V
n

B1
A3
A2'
A2
Retrospective

In-river survival of non-transported smolts
CRiSP passage model

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

65 70 75 80 85 90 95

Year

V
n

B1
A3
A2'
A2
Retrospective



PATH Decision Analysis Report for Snake River Fall Chinook

10 ESSA Technologies Ltd.

Table 1.5-1: Summary of major quantitative results for alternative hydrosystem actions.

D Hypotheses (retrospective/prospective D value)

Performance Measure Actions
D1

(0.05 / 0.24)
D2

(1.0 / 1.0)
D3

(0.05 / 0.05)
D4

(0.20 / 0.20)
A2 5,028 5,259 2,131 2,328
A2’ 5,515 6,273 2,151 2,535
A3 21,312 8,325 20,842 15,425

Average spawning escapement over
100-year simulation period

B1 24,055 9,961 23,553 17,695
A2 0.99 0.94 0.80 0.90
A2’ 0.99 0.95 0.73 0.89
A3 0.99 0.94 0.89 0.92

Average probability of exceeding
survival escapement threshold, 24
years

B1 0.99 0.94 0.89 0.92
A2 1.0 0.96 0.80 0.92
A2’ 1.0 0.98 0.72 0.93
A3 1.0 0.97 0.97 0.98

Average probability of exceeding
survival escapement threshold, 100
years

B1 1.0 0.98 0.97 0.98
A2 0.86 0.70 0.26 0.34
A2’ 0.90 0.78 0.27 0.38
A3 1.0 0.84 1.0 1.0

Average probability of exceeding
recovery escapement threshold, 24
years

B1 1.0 0.86 1.0 1.0
A2 0.87 0.68 0.28 0.34
A2’ 0.93 0.77 0.30 0.40
A3 1.0 0.83 1.0 1.0

Average probability of exceeding
recovery escapement threshold, 48
years

B1 1.0 0.88 1.0 1.0
A2 2/2 6/6 0/2 1/6
A2’ 2/2 6/6 0/2 1/6
A3 16/16 41/48 16/16 48/48

Fraction of runs exceeding survival
and recovery standards
(Note 1)

B1 32/32 85/96 32/32 96/96
1. More runs are required for drawdown actions because of the uncertain factors that are specific to drawdown (e.g.

length of transition period, survival rate in free-flowing river).

2. Average and Trend in Projected Number of Spawners

The range of average projected number of spawners over the 100-year simulation period is large, and
depends on what is assumed about relative estuary/ocean survival of transported fish (D) and other
uncertain factors. Average escapement ranges from around 2100 to 6300 for transportation actions (A2
and A2’). This range is well above the survival escapement threshold of 300, but is close to the recovery
escapement threshold of 2500. For drawdown actions (A3 and B1), average escapements range from 8300
to 24,000; this is well above both the survival and recovery escapement thresholds.

Examples of trends in spawners for each action are shown in Figure 1.5-2, for D hypotheses D2 (high D)
and D3 (low D). Historical estimates of spawners are also shown for comparison. These results were
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chosen because they demonstrate the largest (D3) and smallest (D2) differences between the responses of
actions. Figure 1.5-2 also shows the projected trends in in-river and ocean catches4.

Assuming low D values (hypothesis D3) results in low numbers of projected spawners and catch for the
transportation actions A2 and A2’, and high spawners and catch for drawdown actions A3 and B1.
Assuming high D values (hypothesis D2) results in intermediate numbers of spawners and catch for all
actions. Results for D2 are averaged across three hypotheses about estuary/ocean survival rates, including
one in which survival rates cycle between good and bad periods every 30 years in response to regular
cycles in ocean conditions. This cyclical influence is evident in the D2 results. A more complete set of
projected spawner and catch information is provided in Appendix D.

3. Average Survival and Recovery Probabilities

Drawdown actions (A3 and B1) tend to produce average 24 and 100-year survival probabilities that are
similar or slightly higher than those of transportation actions (A2 and A2’). Average 24 and 100-year
survival probabilities are relatively high (>0.7) for all actions, regardless of what is assumed about D.

Average recovery probabilities for drawdown actions are close to 1.0 and exceed recovery probabilities
for transportation actions with all D hypotheses. The difference in recovery probabilities between
drawdown and transportation actions depends on the D hypotheses. Hypotheses in which D is low (i.e.
transported fish do not survive in the estuary/ocean as well as non-transported fish) produce recovery
probabilities for drawdown actions that are 0.6 to 0.74 higher than recovery probabilities for
transportation actions. However, if it is assumed that D is high, the difference in recovery probabilities
between drawdown and transportation actions ranges from 0.06 to 0.20.

4. The Fraction of all Possible Combinations of Hypotheses in Which the Survival and Recovery
Probabilities Exceeds Certain Critical Levels.

Drawdown actions produce survival and recovery probabilities that exceed critical levels of 0.7 (for the
24- and 100-year survival probabilities) and 0.5 (for the 48-year recovery probability) under virtually all
combinations of hypotheses, for all D hypotheses. Similarly, transportation actions A2 and A2’ produce
survival probabilities that exceed the critical level of 0.7 for all combinations of hypotheses, for all D
hypotheses. Transportation actions A2 andA2’ do achieve the recovery standard (and therefore achieve all
standards) under hypotheses D1 and D2, but do not achieve the recovery standard under D3 and D4.
Under D3 and D4, however, simply stopping transportation and retaining the current configuration of the
hydrosystem can achieve recovery standards (see Section 6.3.1).

                                                     
4 Adult returns to the mouth of the Columbia can be approximated by:  # spawners + inriver catch     

average upstream conversion rate (Table 4.5-5)
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Figure 1.5-2: Projected trends in spawners, in-river catch, and ocean catch for some example runs with the largest contrast in D hypotheses.
Adult returns to the mouth of the Columbia can be approximated by:

[ # spawners + inriver catch] 
 average upstream conversion rate (Table 4.5-5)
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1.5.2 Relative Influence of Alternative Hypotheses on Main Results

The actions themselves are the most important influence in determining the 100-year survival and the
recovery standards. A2, and A2’ tend to produce lower responses in these jeopardy probabilities, while
A3 and B1 tend to produce higher responses. D hypotheses have the next largest effect on the 100-year
survival and the 48-year recovery standards.

D hypotheses tend to account for the largest amount of the differences in 24-year survival probabilities,
with the actions having very little effect. The passage models also have a large effect on transportation
actions (A2 and A2’) under hypotheses D3 and D4, with FLUSH producing larger 24-year survival
probabilities than CRiSP. Other hypotheses and harvest scenarios had minor effects on the outcomes.

Because there are no transportation studies for Snake River fall chinook, there is substantial uncertainty
about delayed effects of transportation. Supplementation may increase the number of adult returns, as
well as the ability to estimate return rates of transported and non-transported fish.

1.6 Results of Sensitivity Analyses

Sensitivity analyses were used to provide a preliminary indication of how model results are affected by
various factors. We explored three types of factors (results presented here and in the main report are
organized into these three sections):

1.6.1 Other hydro and harvest management scenarios. These were considered to be sensitivity analyses
because the feasibility of these actions, and exactly how they would be implemented, has not
been evaluated.

1.6.2 Alternative survival and recovery escapement thresholds (700 for survival, 5100 for recovery).
These alternative thresholds were developed using methods that were more consistent with the
approach used to develop thresholds for spring/summer chinook.

1.6.3 Sensitivity to other assumptions and parameter values that were used in the passage and life-cycle
models.

The assessment is preliminary in the sense that factors that are found to be influential on the results can be
explored in more detail at a later date. As a preliminary analysis, we limited the scope of these sensitivity
analyses in the following ways:

Χ Effects of factors explored in the sensitivity analyses were looked at individually (one at a time);
we did not look at the combined effects of more than one of these factors

Χ Analyses were completed using a limited set of runs (i.e. combinations of hypotheses)
Χ Sensitivity analyses were completed only for actions A2 and A3 (A2’ results were similar to A2,

and B1 results were similar to A3)
Χ Effects were assessed based on a limited set of summary statistics (primarily the jeopardy

standards). A more complete set of results for the sensitivity analyses is included in Appendix D.

Based on these analyses, factors that appear to have a large influence on the results include the value of D
(relative estuary/ocean survival of transported and non-transported fish), alternative ocean and in-river
harvest rate targets, conversion rate assumptions, and alternative recovery thresholds. Further exploration
of the first factor (D values) will require transportation and reach survival studies to get more precise
estimates of D.
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1.6.1 Sensitivity to Effects of Other Management Scenarios

PATH completed limited assessments of other types of exploratory management scenarios. These were
considered to be sensitivity analyses because the feasibility of these actions, and exactly how they would
be implemented, has not been evaluated. In addition, these scenarios were generally outside of the scope
of the actions PATH has been directed to explore by the Implementation Team, but were relatively easy
and quick to implement and provide useful sensitivity and diagnostic information. Results are
summarized in Table 1.6-1. Major conclusions and more detailed descriptions of the exploratory
management scenarios are provided in the text below.

Table 1.6-1: Summary of results of limited assessments of exploratory management scenarios. Results are
average of results with CRiSP and FLUSH passage models.

48-Year Recovery Probabilities (Note 1)
D1 D2 D3 D4

Base (A2) 0.87 0.68 0.29 0.34
Base (A3) 1.00 0.84 1.00 1.00

“No Transport”

No transport 0.99 0.05 0.99 0.76
Base (A2) 0.87Barge
Barge 1.00

n/a
(note 2)

n/a
(note 2)

n/a
(note 2)

Base (A2) 0.29 0.34
Ocean +15% Base in-river 0.26 0.31
Ocean -15% Base in-river 0.31 0.37

Ocean -50% Base in-river 0.38 0.48
Ocean -50% In-river -50% 0.44 0.56

Alternative Harvest
(Note 4)

Ocean -75% In-river -50%

n/a
(note 3)

n/a
(note 3)

0.47 0.61
1. 48-year recovery probabilities were used as the primary performance measure for these assessments because

these probabilities tended to be most sensitive to changes in assumptions. Results shown are averaged over
individual results for CRiSP and FLUSH passage models.

2. The barge scenario was a variation on hypothesis D1 (low D values in the past, with D increasing in the future
because of improved transportation practices), and therefore was only examined with this hypothesis.

3. Alternative harvest scenarios were assessed with action A2 and hypotheses D3 and D4 only because these were
the only cases where 48-year recovery probabilities were below the 0.5 critical level with base harvest conditions
(Table 1.5-1), and thus were the only cases where reducing harvest might have affected the ability to achieve this
critical level.

4. The reduced in-river harvest rate scenario represents a 50% reduction in in-river harvest rates for lower run sizes,
and upper run-size harvest rates do not occur until recovery goal is exceeded by 50%
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No Transport Scenario

We looked at this scenario, which is essentially current operations and configuration but with
transportation eliminated, to further assess the implications of historical D values for the projected
benefits of transporting Snake River fall chinook smolts. The performance of a no transport scenario
versus a full transportation scenario (A2) depends on what is assumed about the efficacy of transportation.
Under hypotheses D1, D3, and D4, transportation has a negative net influence on overall survival rates
(i.e. D is near or below the survival rate of inriver fish). Under these three hypotheses, eliminating
transportation and allowing fish to migrate in-river under current hydropower operations and
configurations would improve probabilities of achieving recovery standards as compared to continuing to
transport fish. However, with a high D (D2), transportation is beneficial for fish because D > survival rate
of inriver fish. Under this hypothesis, eliminating transportation is detrimental to achieving recovery
standards.

Barge Scenario

The “barge” scenario hypothesizes that a switch from primarily truck transportation to full barge
transportation in year 2002 will increase the post-Bonneville survival rate of transported fish to be equal
with that of non-transported fish (i.e. will increase D to close to 1.0). Such a scenario can increase
survival and recovery probabilities, although the D value that would be associated with full barge
transportation is uncertain.

Alternative In-river and Ocean Harvest Scenarios

Overall, reducing ocean and in-river harvest rates can increase probabilities of recovery for transportation
actions above critical levels. The increase is generally larger with the hypothesis where transported fish
survive moderately worse than non-transported (D4; D=0.2); average recovery probabilities increase from
0.34 with base harvest conditions to 0.61 with the maximum reduction in ocean and in-river harvest rates.
If survival rates of transported fish are much worse than that of non-transported fish (hypothesis D3,
where D is approximately 0.05 – 0.10), average recovery probabilities increase from 0.29 to 0.47 with the
maximum reduction in harvest rates. Results for individual passage models vary slightly from these
averaged results (see main report for details).

1.6.2 Sensitivity to Alternative Survival and Recovery Thresholds

We explored the effects of increasing survival spawner thresholds from 300 to 700 spawners, and
recovery thresholds from 2500 to 5100 spawners. Higher survival and recovery spawner thresholds
resulted in generally lower survival and recovery probabilities. The largest differences in average
probabilities were the decrease in 48-year recovery probabilities for actions A2 and A2’ (maximum
difference in probabilities was 0.5). A2 and A2’ are more sensitive to the alternative recovery thresholds
because in many runs, escapements under these actions are either below or just above the threshold of
5100. A3 and B1 are less sensitive because projected escapements are well above the alternative
thresholds for most runs.
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1.6.3 Sensitivity to Model Assumptions and Parameter Values

Fall Chinook Spawning Habitat with Drawdown of Snake River Dams

It is assumed in the life-cycle model that drawdown of the lower four Snake River projects will increase
spawning habitat for Snake River fall chinook by 77% whenever the projected number of spawners
exceeds 18,0005. We conducted a sensitivity analysis to the case where no change in spawning habitat
following drawdown was assumed, as a lower bound on the range of possible responses to drawdown. As
expected, assuming no increase in spawning habitat following drawdown resulted in fewer numbers of
spawners compared to results that assumed a 77% increase in spawning habitat under drawdown.
Changing this assumption did not affect survival and recovery probabilities, because projected spawner
numbers under drawdown exceeded the thresholds whether or not an increase in spawning habitat was
assumed.

Adult Upstream Conversion Rates Following Drawdown

Current model runs for drawdown actions (A3 and B1) assume that adult upstream survival rates (also
called conversion rates) following drawdown increase substantially. To determine the sensitivity of
outcomes to this assumption, we completed a set of life-cycle model runs where conversion rates are
assumed to be unaffected by dams. This has implications for historical conversion rate assumptions
before the dams were installed, as well as for future conversion rate assumptions in drawdown scenarios.
Because of the historical implications, a new set of run reconstructions had to be completed using this
alternative conversion rate assumption (see Appendix F). A set of A2 and A3 runs using hypotheses D2
(high D) and D3 (low D) were completed using these new run reconstructions.

With hypothesis D3, assuming no change in conversion rates had a larger effect on A2 survival and
recovery probabilities than on A3 (Table 1.6-2). The alternative conversion rate assumption reduced the
24-year survival probability for A2 below the 0.7 critical level with the CRiSP model (from 0.72 to 0.60).
Probabilities for A3 were above the critical levels regardless of what was assumed about conversion rates
following drawdown.

With hypothesis D2, the alternative conversion rate assumption resulted in survival and recovery
probabilities for A2 that exceeded those of A3. 24-year survival probabilities for both actions were above
the 0.7 critical level regardless of the conversion rate assumption. However, the alternative conversion
rate assumption reduced the 48-year recovery probabilities for both actions below the 0.5 critical level.

The alternative conversion rate assumption affected historical estimates of model parameters, such as
stock productivity, D, and extra mortality.

                                                     
5

The 77% increase is based on the change in length of unimpounded river miles following drawdown. The threshold of 18,000
spawners is based on the maximum number of spawners observed in the 1962-1992 historical period. Below this value, the
number of spawners is assumed to be too few to take advantage of new spawning habitat created by reservoir drawdown.
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Table 1.6-2: Sensitivity to alternative conversion rate assumption.

D3 D2
Action CRiSP FLUSH CRiSP FLUSH
A2 base conversion 0.72 0.87 0.94 0.95
A2 alternative conversion 0.60 0.82 0.87 0.89
A3 base conversion 0.89 0.94 0.94 0.95

24-year Survival

A3 alternative conversion 0.83 0.90 0.82 0.83
A2 base conversion 0.22 0.35 0.65 0.70
A2 alternative conversion 0.12 0.22 0.40 0.44
A3 base conversion 1.00 1.00 0.91 0.87

48-year Recovery

A3 alternative conversion 1.00 1.00 0.40 0.37

Bypass and Direct Transport Survival of Smolts

The current round of passage modeling assumes that survival of smolts through the bypass is 0.90 and the
direct transport survival of transported fish (i.e. survival in trucks/barges) is 0.98. Further discussion and
analyses of available data (see Section 4.2.1) led to proposed alternative values for sensitivity analyses
(0.79 and 0.98 for bypass survival; 0.90 for transport survival). The analyses showed that the alternative
bypass and direct transport survival values have minor effects on the total (weighted average) survival of
transported and non-transported smolts to below Bonneville Dam. Although we have not completed life-
cycle model runs using these alternative bypass and direct transport survival assumptions, the small
effects on passage model outputs suggests that the effects on jeopardy standards would be minimal.

Effectiveness of the Predator Removal Program

In an earlier fall chinook analysis, we had considered two hypotheses about the effectiveness of the
northern pikeminnow reduction program in reducing mortality on juvenile salmon caused by predation.
One hypothesis was that the program has had no effect (i.e. resulted in 0% reduction in predation
mortality), the other was that the reduction in predation mortality on juvenile salmon has averaged around
15% (range 13.7 to 16.5%). For expediency, in this round of analyses we have only modeled the latter
hypothesis (average 15% reduction in predation mortality), but we conducted sensitivity analyses on the
alternative (0%) hypothesis. The results show that the alternative assumptions about the predator removal
program have little to no effect on estimates of survival rates of fish that migrate in-river (i.e. are not
transported). Therefore, while the effect of the NPM program remains uncertain, it is not important to
consider that uncertainty in the decision analysis for Snake River fall chinook.

Sensitivity to Fixed Value of D

We did a limited number of sensitivity runs using fixed D values of 0.0. 0.05, 0.1, 0.15, 0.2, 0.4, and 1.0
(the same fixed value was applied both retrospectively and prospectively). Note that a D value of 0.05
approximates hypothesis D3, D = 0.2 represents hypothesis D4, and D = 1.0 represents hypothesis D26.
The purpose was to explore in more detail the effects of alternative D values on overall outcomes of
                                                     
6

Because the alternative D hypotheses effectively span the range of fixed D values, the response of other sensitivities described
in Section 1.6 in combination with alternative D values can be assessed. For example, the sensitivity results for alternative
harvest scenarios shown for hypothesis D3 and D4 in Table 1.6-1 can be thought of as representing the effects of harvest
scenarios in combination with a fixed D of 0.05 (hypotheses D3) and a fixed D of 0.2 (hypothesis D4).
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actions and the relative rank of actions. We looked only at actions A2 and A3 as representative
transportation (A2) and drawdown (A3) actions. Although there is no transportation once dams are
breached in A3, higher D’s affect survival and recovery probabilities for A3 because with an 8-year pre-
removal period and 2 years of construction, transportation would still be in place for more than a third of
the 24 years, and because the retrospective D value affects retrospective parameter estimates.

Results

Table 1.6-3 shows the 24-year survival and 48-year recovery probabilities for each action, passage model,
and D value (results are averaged over the other uncertain factors, such as the drawdown uncertainties and
extra mortality of non-transported fish7). Survival probabilities for A2 and A3 increase as the D value
increases, although A2 probabilities increase more quickly than A3 probabilities. The result is that at D
values below 0.2 for CRiSP (0.1 for FLUSH), A3 survival probabilities exceeded A2. Above these
values, A2 and A3 survival probabilities were very similar. Recovery probabilities for A2 were virtually
zero until D values reach 0.15 (CRiSP) or 0.1 (FLUSH); after that, they increase to around 0.7 at D = 1.0.
A3 recovery probabilities are 1 or close to 1, and exceed A2 recovery probabilities, for all values of D.

Table 1.6-3: Average survival and recovery probabilities for different fixed values of D.

CRiSP FLUSH
Data Action 0 0.05 0.1 0.15 0.2 0.4 1 0 0.05 0.1 0.15 0.2 0.4 1

A2 0.03 0.33 0.61 0.76 0.83 0.93 0.94 0.20 0.72 0.89 0.94 0.96 0.97 0.9524-yr
Survival A3 0.48 0.64 0.77 0.84 0.88 0.94 0.94 0.58 0.82 0.90 0.94 0.95 0.97 0.95

A2 0.00 0.00 0.00 0.04 0.14 0.53 0.65 0.00 0.01 0.13 0.35 0.53 0.73 0.7048-yr
Recovery A3 1.00 1.00 1.00 1.00 1.00 1.00 0.91 1.00 1.00 1.00 1.00 1.00 0.99 0.87

                                                     
7

Results vary according to hypothesized effects of different factors on the ocean/estuary survival rates of non-transported fish,
but the overall patterns are similar. See Section 6.3.5 for more details.
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2.0 Introduction

2.1 PATH History and Objectives

The Plan for Analyzing and Testing Hypotheses (PATH) is a formal and rigorous program of formulating
and testing hypotheses. It is intended to identify, address and to reduce uncertainties in the fundamental
biological issues surrounding recovery of endangered spring/summer chinook, fall chinook, steelhead and
sockeye stocks in the Columbia River Basin. This process grew out of previous efforts by various power
regulatory and fisheries agencies to compare and improve the models used to evaluate management
options intended to enhance recovery of these stocks.

The objectives of PATH are to:

1. determine the overall level of support for key alternative hypotheses from existing information,
and propose other hypotheses and/or model improvements that are more consistent with these
data (retrospective analyses);

2. assess the ability to distinguish among competing hypotheses from future information, and advise
institutions on research, monitoring and adaptive management experiments that would maximize
learning; and

3. advise regulatory agencies on management actions to restore endangered salmon stocks to self-
sustaining levels of abundance (prospective and decision analyses).

PATH products are reviewed by an independent Scientific Review Panel (SRP).

2.2 Changes in Fall Chinook Analyses Since FY98 Report

PATH accomplished the following fall chinook analyses in FY98:

Χ A hydro workgroup compiled and reviewed the available data on hydrosystem effects on juvenile
fall chinook.

Χ Fall chinook passage models were updated with the data sets compiled by the hydro workgroup.
Χ Preliminary run reconstructions were completed for four fall chinook stocks, providing spawner-

recruit data for life-cycle modeling.
Χ A fall chinook version of the PATH life-cycle model (fall BSM) was developed.
Χ The passage models and life-cycle models were used to generate retrospective estimates of

survival measures.
Χ A set of assumptions for prospective analyses was developed, and used to project preliminary

outcomes of management actions A2, A2’, A3, and B1.

These analyses and results were documented in the FY98 Final Report. Although representing substantial
progress on fall chinook, these results were preliminary because not all components of the analyses had
been thoroughly reviewed by PATH or the PATH SRP. Since the FY98 Final Report was published,
many of the assumptions and data used in the preliminary analyses have been reviewed in a series of
technical meetings. This review has resulted in the following changes (sections in this report that provide
more details on these changes are indicated in parentheses):
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Χ Clarified the definition of the NMFS jeopardy standards to only consider natural origin spawners
in determination of jeopardy probabilities; developed alternative survival and recovery thresholds
to test sensitivity of outcomes to thresholds (Section 3.2).

Χ Developed sensitivity analyses of alternative assumptions about spill, bypass, and direct transport
survival rates (Sections 4.2.1; 6.3).

Χ Resolved some differences between passage models regarding transportation, migration timing,
fish travel times, and early life-history survival rates (Section 4.3).

Χ Incorporated updated data sets into passage models (e.g. 1998 PIT-tag data) (Section 4.3).
Χ Corrected some errors in the spawner-recruit data for Snake River fall chinook (Section 4.4.1).
Χ Conducted further analyses to refine assumptions about relative ocean survival of transported and

non-transported fish (Section 5.3.2, Appendix A), and adult upstream survival (Section 4.4.2).
Χ Revised life-cycle model to include effectiveness of supplementation as a parameter estimated

with uncertainty (Section 4.5).
Χ Revised hypotheses about various passage-related uncertainties (juvenile life-stage, reduction in

predation mortality, juvenile survival after drawdown, drawdown transition effects; Section 5.2).
Χ Included a wider range of in-river and ocean harvest scenarios (Section 5.3.4).
Χ Completed a set of diagnostic retrospective analyses with the passage models (Section 6.1.1) and

life-cycle model (Section 6.1.2).
Χ Completed a revised evaluation of alternative hydro management actions based on the changes

since FY98 Report (Section 6.2).

2.3 Structure of this Report

The main part of this report is intended to be read by decision makers and their technical advisors. The
focus of the main report is on those components of the analysis that have changed since the FY98 Report
was completed. However, to make this report a stand-alone document we have repeated some information
that was included in the FY98 Report even though it has not changed. This information is included in
Appendix C to this report.

Section 3 of the report describes the alternative management actions we are evaluating, and the
performance measures we use to evaluate them. Section 4 describes the overall modeling approach and
data used in the analysis of fall chinook, as well as the individual juvenile passage and overall life-cycle
models used to forecast the outcomes of alternative actions. Section 5 provides an overview of the
assumptions and components of the analysis, and the alternative hypotheses associated with these
components. More details on key hypotheses, including arguments for and against alternative hypotheses,
are provided in Appendix A. Section 6 summarizes the results of the analysis.
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3.0 Actions and Performance Measures

3.1 Actions

This section provides more details on the relative performance of the four Hydro actions under
consideration (A2, A2’, A3, and B1) for fall chinook (Table 3.1-1). Because most fall chinook are already
transported, the A1 option (current operations) is virtually identical to the maximize transportation option
(A2), and was not modeled. This set of actions has been developed by the Implementation Team (I.T.),
and draws from previous experience of analyzing a much larger set of options (refs: Biological Opinion;
System Operating Review; System Configuration Study). The hydrosystem operating requirements
associated with each option are described in Appendix C of the PATH Preliminary Decision Analysis
Report (March 1998).

Table 3.1-1: Four Hydro actions under consideration for fall chinook.

Flow Augmentation
Scenario Columbia Snake

Drawdown of
four Snake River Dams

Drawdown of
John Day Dam Transportation

Major system
improvements (1)

A2 X X - - X  - (2)
A2' X X - - X X
A3 X X Natural River - - -
B1 X X Natural River Natural River - -

1. Major system improvements include extended screens and/or surface bypass and/or gas abatement and/or
increased spill.

2. A2 maximizes transportation using current system configuration.

3.2 Performance Measures

PATH has again used the NMFS Jeopardy Standards as the primary outcome on which to compare
alternative actions. The standards are a measure of the ability of management actions to promote survival
and recovery of endangered chinook stocks (these standards are described in more detail in the Executive
Summary of the FY98 Report). There are three main differences between the implementation of the
standards for fall chinook and how they were implemented for spring/summer chinook:

1. There is only a single stock of Snake River fall chinook (in the spring/summer analysis, we
looked at the results for the 6th best out of seven index stocks of Snake River spring/summer
chinook).

2. Snake River fall chinook stock has its own survival and recovery escapement threshold.

3. PATH explored alternative values for survival and recovery thresholds of spawners. The reason
for exploring these alternative survival and recovery thresholds was that some PATH participants
felt that the methods on which the values used in the previous analyses were based were not
quantitatively rigorous and were not consistent with the methods used to derive thresholds for
spring/summer chinook.

For the recovery threshold, we looked at 2500 (the value used in the previous fall chinook
analysis) and 5100 spawners. The 5100 sensitivity was calculated as 60% of the pre-1970
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spawning abundance of Snake River fall chinook. This approach is exactly analogous to the
method used to calculate the recovery threshold for spring/summer chinook. For the survival
threshold, we considered 300 spawners (the value used in the previous fall chinook analysis) and
700 spawners. The 700 sensitivity was calculated by taking the ratio of the spring/summer
survival threshold to the spring/summer recovery threshold (averaged across the 7 index stocks;
this ratio ≈ 0.3) and applying the ratio to the 2500 recovery threshold for fall chinook. 700 is also
approximately equal to 10% of the MSP for fall chinook, which has been used in other
applications as a critical reference point.

To simplify the analyses, we considered only two of the four possible combinations of survival and
recovery thresholds. One set combines the lower survival threshold (300 spawners) with the lower
recovery threshold (2500 spawners) – this set corresponds to the threshold values used in the previous
round of fall chinook analyses. The other set combines the higher survival threshold (700 spawners) with
the higher recovery threshold (5100 spawners). Results of the analyses are reported for both of these sets
separately. For each set of thresholds, each action and each combination of fall chinook hypotheses
produces four values:

1. the probability that the number of Snake River fall chinook spawners will exceed a pre-defined
survival threshold level over the first 24 years of the 100-year simulation period (this is referred
to as the 24-year survival probability).

2. the probability that the number of Snake River fall chinook spawners will exceed the survival
threshold level over the full 100-year simulation period (this is referred to as the 100-year
survival probability).

3. the probability that the number of Snake River fall chinook spawners will exceed a pre-defined
recovery threshold level of spawners in the last eight years of a 24-year time period (this is
referred to as the 24-year recovery probability).

4. the probability that the number of Snake River fall chinook spawners will exceed a pre-defined
recovery threshold level of spawners in the last eight years of a 48-year time period (this is
referred to as the 48-year recovery probability).

An important point about the implementation of the above jeopardy standards is that only natural origin
spawners (i.e. not hatchery-origin) are counted in determining jeopardy probabilities. This is different
from the implementation that was used in the analyses contained in the FY98 Report. There, hatchery-
supplemented spawners (averaging around 100 per year) were counted towards the jeopardy probabilities.
Further discussion within NMFS since the FY98 Report was released suggested that the Recovery
standards should be based only on natural-origin fish. Although there was no clear policy statement from
NMFS on inclusion of hatchery fish in the survival standards, the PATH workgroup decided to limit
survival standard determinations to natural-origin fish only to remain consistent with the policy adopted
for the recovery standard.

As with spring/summer chinook, NMFS has defined an overall Jeopardy Standard which considers,
among other things, these model-derived probabilities as measures of the ability of an action to prevent
extinction of an endangered stock. To meet this standard, an action must result in the Snake River fall
chinook stock having a “high likelihood” of being above the survival threshold level and a “moderate
likelihood” of being above the recovery level. “High” and “moderate” likelihoods have been informally
defined as being 0.7 for survival standards, and 0.5 for recovery standards. If an action produces survival
and recovery probabilities that equal or exceed these critical levels, that action is considered to have met
all of the jeopardy standards.
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Whether or not an action meets the jeopardy standards is one measure by which to judge its performance.
For each action, however, there are many combinations of assumptions that determine whether these
standards are met. Therefore, we express the ability of an action to meet the standards as the fraction of
all of the combinations of hypotheses in which these standards are met. A high fraction indicates that the
action performs well (i.e. meets the jeopardy standards) under a broad range of uncertainties. A small
fraction indicates that the action performs well only if certain hypotheses are assumed to be true, and is
therefore less robust to uncertainty.



PATH Decision Analysis Report for Snake River Fall Chinook

24 ESSA Technologies Ltd.



PATH Decision Analysis Report for Snake River Fall Chinook

25 ESSA Technologies Ltd.

4.0 Fall Chinook Data and Models

4.1 Overview

The life-cycle of Snake River fall chinook is illustrated in Figure 4.1-1. The Snake River fall chinook
population consists of all adult fall chinook presently spawning downstream from the Hells Canyon Dam
complex to the uppermost dam on the lower Snake River. After rearing in the mainstem of the Snake
River, juvenile fall chinook migrate a minimum of 720 Rkm past eight mainstem dams on the Snake and
Columbia rivers. Under current operations, around 50% of juveniles arriving at Lower Granite, Little
Goose, Lower Monumental, and McNary dams are collected and transported to below Bonneville Dam
(Figure 6.1.2-2 this report). Adult snake River fall chinook experience ocean and in-river harvest rates of
around 30% (Figure 4.4-4), and experience inter-dam losses of around 40-50% during their upstream
migration (Table 4.4-3). Hatchery influences (proportion of spawners that are of hatchery origin) have
been variable but substantial in recent years (FY98 Report Figure 3.1.2-3).

Figure 4.1-1: Life cycle of Snake River fall chinook.

The PATH modeling approach has attempted to capture these key elements of the Snake River fall
chinook life cycle. The model representation of the fall chinook life cycle, and the various sources of
mortality that occur throughout the life-cycle, are shown in Figure 4.1-2. Like all models, the PATH
models are out of necessity simplifications of reality. The PATH modeling approach uses a series of
nested models to estimate both past and future trends in production. Survival through the hydropower
system (i.e. from Lower Granite dam to below Bonneville Dam) is modeled with the passage models,
which are described in detail in Section 4.3. Survival through the spawning, rearing, and adult life stages
are modeled with a life-cycle model, which is described in detail in Section 4.5.
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Figure 4.1-2: Schematic showing modeled representation of Snake River fall chinook life-cycle.

An important component of the PATH modeling analysis is the explicit consideration of uncertainty in
key components of the life-cycle of Snake River fall chinook. Figure 4.1-3 shows how the uncertainties
are carried through the PATH modeling analyses. Previous PATH analyses and reviews of data have
pointed out uncertainties in past conditions due to incomplete data and potentially confounding influences
(Box 1 in Figure 4.1-3). These uncertainties generate a range of alternative assumptions about historical
conditions (Box 2). These alternative assumptions about the past, together with historical flow
information (Box 3), are used in retrospective modeling analyses that generate quantitative estimates of
parameters needed to run models into the future. This requires running both passage models (fall CRiSP
and fall FLUSH), which estimate survival from Lower Granite Dam to Bonneville Dam (Box 4), and a
life cycle model (Box 6). Spawner-recruit estimates (described in Section 3.1.2 of the PATH FY98
Report) and other assumptions that affect life-cycle survival (e.g. historical harvest rates) are used for
calibration of the life cycle model’s stock production functions and other parameters (Box 5). The
retrospective modeling analysis quantifies our understanding of the variability in survival rates, and the
factors which affect them. Results from the retrospective analysis are passed to the prospective analysis
(Box 7).

The prospective modeling analysis (Boxes 11 and 13) quantifies the range of possible futures, expressed
as specific performance measures. This set of possible futures depends on:

Χ the understanding and estimated parameter values gleaned from the retrospective analysis
(Box 7);

Χ the specific future action under consideration (Box 8; scenarios A2, A2’, A3, B1);
Χ the expected flows associated with each action (Box 10); and
Χ assumptions about future conditions, including passage survival assumptions (Box 9), and life-

cycle survival assumptions (Box 12).
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For the prospective analysis, the alternative hydrosystem management actions are evaluated by simulating
their consequences using a linked set of models in a three-step process to generate performance measures:

1. A hydro-regulation model translates each management option into the mean monthly flows which
would be observed in the Snake and Columbia Rivers at various locations, (the U.S. Army Corps'
HYSER model has been used for the scenarios included in this report). The hydro-regulation model is
run for the water years 1929-1988 to generate a representative set of flows, and this information is
used as input to the passage models.

2. A passage model translates the projected set of flows, spills, and dam configurations and operations
for a given year into the estimated passage survival of both transported and non-transported smolts
through the migration corridor from the face of Lower Granite Dam to the tail-race of Bonneville
Dam. The passage models simulate passage survival rates under each management action for the
water years 1976-1993 (brood years 1975-1992), to compute the improvement in survival relative to
the retrospective period. The longer term water record (i.e. 1929-1988) is considered in step 4. We
have used two different passage models, fall CRiSP and fall FLUSH, which use somewhat different
approaches to predicting passage survival rates (passage models are described in Section 4.3). These
models are distinct from the CRiSP and FLUSH models applied to spring/summer chinook.

The spring/summer chinook passage models and earlier versions of the fall chinook passage models
generated smolt survival estimates from the head of Lower Granite reservoir to below Bonneville.
Subsequent analysis showed that the variability in survival estimates through Lower Granite
Reservoir was very large and was producing poor fits to spawner-recruit data. Because there is little
information about the behavior and survival of smolts through LGR reservoir, the fall chinook
workgroup decided to revise the passage models to estimate the survival rate of migrating smolts
starting from the face of Lower Granite dam (see Section 4.3 for details on how this was
implemented). The effect of this was that the survival rate through LGR reservoir became a
component of the Ricker productivity parameters, and was thus estimated from the spawner-recruit
data directly. This improved retrospective fits to spawner-recruit data (see Appendix H).

3. A life-cycle model generates a range of possible spawner abundances for each stock and year, under
each management option. It does this by combining information produced by the passage models (i.e.
the projected passage survival rates and fraction of fish transported) together with estimates of the
other (life-cycle) influences on survival (i.e. stock productivity, adult survival during upstream
migration, harvest, post-Bonneville mortality, supplementation). The life-cycle model performs a
thousand simulations for a given set of passage model inputs to ensure that the full range of possible
ways the system works, and thus the full range of possible futures, is adequately simulated, and that
the uncertainty in performance measures is properly estimated. These simulations randomly select
passage model outputs from each of the years 1976-1993 according to how frequently the flow in
each year occurred in the long-term historical record (1929-1992). For example, an extremely low
flow year like 1977 (the lowest flow in the entire 1929-1992 period) is selected much less frequently
than a more typical flow year like 1979 or 1985.

Two alternative life-cycle models are required because the spawner-recruit data for fall chinook is not
sufficient to provide estimates of both a D value (the post-Bonneville survival of transported fish
relative to non-transported fish) and a STEP function in post-Bonneville mortality. The D and STEP
values thus provide a way to model the post-Bonneville survival of fall chinook, and alternative
hypotheses about the factors that affect it. The “Fall-D” model estimates D directly from the spawner-
recruit data. To do this, the Fall-D model assumes that there has been no STEP function in mortality
since 1976. The Fall-S model estimates a STEP function in mortality from 1976 on, but requires a
“D” value to be externally specified. The Fall-D and Fall-S models are described more fully in
Section 4.5. Externally-specified D values used with the Fall-S model are described in Section 5.3.2.
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Figure 4.1-3: Analytical approach used in the fall chinook decision analysis. Components of the analysis for
which uncertainties are explicitly considered are in bold, and sections that describe how these
uncertainties were included are indicated in parentheses.
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4.2 Data Sets Relevant to Passage Model Components

Section 3.1.1 of the PATH Final Report for FY98 described a number of data sets that were used to
develop the passage models for fall chinook. The summary from that section is included below; Section
3.1.1 is reproduced in its entirety in Appendix C of this report for the reader’s reference.

Since the FY98 Report was completed, further work has been done to evaluate alternative data sets that
could be used to develop alternative values for spill survival (summary point #6) and bypass survival
(summary point #8). These evaluations are described in Section 4.2.1 below.

Section 3.1.1 of the PATH Final Report for FY98 also described estimates of survival rates through
various portions of the lower Snake River to which passage models were calibrated (summary point #10).
Since that report was completed, survival estimates from studies conducted in 1998 were made available,
and are reported in Section 4.2.2 below.

Summary of Data Sets Used in Passage Modeling

1. Daily site-specific river flows, spills, reservoir elevation, and temperature are physical data
incorporated into the passage models. This information is archived in electronic format by various
organizations including the Fish Passage Center. Hydroregulation models developed by the Army
Corps of Engineers estimate flows, spills, and elevations for project sites under different management
options.

2. The initial distribution at the face of LGR Dam defines the size of daily cohorts and when (for
modeling purposes) juvenile fish are considered to have entered the hydrosystem. Observed
distributions come from estimates of daily arrival numbers of (mostly) wild subyearling chinook at
LGR Dam, based on daily dam counts, provided by the Fish Passage Center (FPC), Portland, Oregon,
from 1991 to 1998.

3. PIT-tag studies provide estimates of wild and hatchery Snake River fall chinook fish travel time
available for constructing FTT relationships used in the passage models. Those estimates extend to
MCN Dam from 1995 to 1998 and to BON Dam in 1997 and 1998.

4. Predation is the primary source of mortality in the reservoirs described in the passage models.
Predation rates are determined from predator abundance and consumption estimates. These
variables have been estimated through an intensive predation study in JDA from 1982-1986 and
from a predator-monitoring program conducted in the Lower Snake and Columbia rivers.
Predation estimates derived from these studies are applied to the entire time-series analyzed in the
passage models.

5. Direct turbine mortality is assumed to be 10% based on the average survival estimates from
several studies. These studies exhibit variability in survival, perhaps warranting a sensitivity on
this estimate.

6. Based on a review of several studies, the Work Group suggested that a spillway survival value of
98% be used for the current round of passage model analyses. The workgroup needs to assess the
applicability of other studies that produce different estimates of spill survival (see Section 4.2.1
below).

7. Several studies indicate that spill effectiveness is near 1.0, and this value had been adopted in the
passage models. Recent estimates acquired over the last three years indicate that spill
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effectiveness at most sites exceeds 1.0. Future analyses need to provide a contrasting assessment
using the most current information.

8. Based on a 1997 study at Little Goose Dam, the workgroup adopted a bypass survival of 0.90 for
the current round of passage modeling. Further analyses of other estimates and sensitivity
analyses to a range of values are needed (see Section 4.2.1 below).

9. FGE, transport start and stop dates, and probability of being transported after collection determine
the proportion of fish transported at collector projects. NMFS and the Army Corps of Engineers
have compiled this information since 1975. Transported fish have an assumed survival of 98%
upon release below BON. No studies, however, have been conducted to determine this survival
estimate suggesting a sensitivity to different survival assumptions is necessary. No post-release
transport evaluations have been conducted using fall chinook at Lower Granite Dam and
therefore are currently estimated in the life-cycle model.

10. Survival estimates obtained during the years 1995-1998 for Snake River fall chinook juvenile
salmon (Lyons hatchery stock) in the Lower Snake, are possibly the only data available for use in
either the calibration or validation of the passage model (estimates for 1998 are reported in
Section 4.2.2 below). Appropriate survival values for this process, to-date, have not been agreed
upon by the workgroup. The workgroup is discussing how to use these estimates for calibration or
validation.

4.2.1 Spill and Bypass Survival

Spill Survival

Current Value Used in Passage Models

The ISG (1996) and Whitney et al. (1997) reviewed estimates of spill survival in the Snake and Columbia
Rivers published through 1995. Nearly all of those studies involved steelhead or yearling chinook salmon.
Mortality estimates for 10 of the 13 studies ranged between 0-0.022. Estimates for the other three studies
were extremely variable (0.04 to 0.275). In some studies, mortality appeared to be higher in spillbays
fitted with spill deflectors, than in those without deflectors. However, Muir et al. (1995) did not detect a
statistically significant difference between spillway types at Little Goose Dam. Based on this information,
the PATH passage workgroup agreed on a base value of 0.98 for spillway survival, with an intention to
conduct sensitivity analyses on this value in the future if required.

Other Information/Data

Some recent evaluations have used subyearling fall chinook as experimental fish and have conducted tests
during the summer and fall when water temperatures are elevated. At the only two sites where such
assessments have been conducted, fall chinook displayed higher mortality than spring-migrating chinook.
In 1997 and 1998, NMFS investigators estimated the survival of fall chinook passing TD at two different
spill levels; 30% and 64% spill (Dawley and Gilbreath 1998, AFEP presentation). They expressed
survival relative to a reference release site downstream from the dam (Table 4.2-1).
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Table 4.2-1: Survival estimates for subyearling fall chinook at The Dalles Dam as reported by Dawley and
Gilbreath (1998). Abstract distributed at the October 1998 AFEP presentations.

Spill Level 1997 1998
30% Spill NA 0.85 (0.70-0.98)
64% Spill 0.92 (0.86-0.99) 0.70 (0.61-0.80)
Sluiceway NA 0.91 (0.80-0.98)

Clearly these absolute values are well below those generally reported for spring migrants. In part this is
because these estimates reflect more than just bypass effects. Since reference groups were released
approximately 0.5 km downstream from the spillway, some separate tailrace effects comprise the
estimates. It is not possible to isolate estimates of spillway passage effects from these estimates.

Nevertheless, there is a clear trend toward increasing spill passage mortality with higher spill levels. High
spill volumes or proportions may well be detrimental to spillway-passed summer migrants at this dam.

In 1998, Research at Wanapum Dam (Normandeau, Inc. and Skalski, 1998) corroborated the low spillway
survival measured at The Dalles Dam. In this study (conducted during October), hatchery fall chinook
fitted with balloon tags were used as experimental fish to estimate spillway survival (Table 4.2-2).
Variables included spill volume and presence/absence of a spillway deflector. Water temperature ranged
from 16.5 to 18.2 degrees C.

Table 4.2-2: Spillway survival of subyearling chinook at Wanapum Dam.

Spillway Survival Rate
Spillbay Configuration 2,000 kcfs 5,000 kcfs 10,000 kcfs
No Deflector (spillbay 3) 1.00 .99 .95
Deflector (spillbay 4) .99 .98 .93

Unlike the estimates done at The Dalles, these reflect only direct survival (48h) associated with spillway
passage. There was a trend toward increased mortality with increased spill volume, but confidence limits
were broad and comparisons statistically insignificant. Nevertheless the trend was consistent with that
observed at The Dalles, i.e. mortality increased at high spill volumes.

Comments on Recent Spill Survival Studies

The Dawley and Gilbreath 1998 study found a significant relationship with percent spill but not spill
volume or tailrace height (no trend). The significant relationship is likely spurious as there is no
mechanism for increase percent spill and mortality. The 1998 Research at Wanapum also could not
demonstrate a significant relationship of spill volume to survival.

Sensitivity Analysis

This collective information indicates that subyearling chinook may incur greater mortality during spill
passage than spring migrants, at high spill volumes. However, summer spill is limited or eliminated under
the proposed management actions. Therefore, the effects of alternative spill survival values on outcomes
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of the prospective modeling is likely to be minimal, and no sensitivity analysis of spill is planned at this
time.

This issue may become more important if any future alternatives prescribe substantive spill levels to
improve inriver survival. In this event, the PATH passage sub-group will need to review the available
data to determine its applicability and make a recommendation for sensitivity analyses.

Bypass Survival
Current Value Used in Passage Models

The model runs conducted in December 1998 used bypass survivals that were considerably lower than
those adopted for spring chinook. At all dams except Bonneville bypass survival was set at 0.88. At
Bonneville bypass survival was set at 0.72 and 0.83 at the first and second powerhouse respectively. The
rationale for those values was based on estimates reported by NMFS researchers at Bonneville Dam
during the late 1980s and Little Goose Dam in 1997.

The estimates were based on paired release groups liberated in the bypass system and in the tailrace
below the project. As was the case for the spill survival estimates, the bypass survival estimates adopted
by PATH in December 1998 reflect additional tailrace effects that would be experienced by any smolts
moving through the area. This is particularly evident for the Bonneville evaluations where the control
groups were released near Hamilton Island, several kilometers downstream from the Second Powerhouse
and about 0.5 –1.0 kilometers from the First Powerhouse. Therefore, the Bonneville survival estimates
used in the initial modeling reflect more effects than the bypass alone (i.e. substantive tailrace predation
mortality that all smolts would have incurred).

Other Information/Data

Bonneville Second Powerhouse - The closer that control groups are released near the bypass outfall, the
more representative the estimate is of bypass effects alone. Frontroll releases were made within a few
hundred feet of the outfall at the Second Powerhouse, in 1988 and 1989. Based on estimates reported by
Ledgerwood et al. (1990) in Table 5 of their report, bypass survival (1988 and 1999 combined) was
estimated to be 0.902 (.6191/.6866). It is important to note that this estimate does not reflect all bypass
effects, since the treatment fish were released in the collection channel and did not encounter the entire
system starting at the screens in the turbine intake.

Bonneville first powerhouse - Unfortunately, no frontroll releases were made in any year at this site.
Comparable estimates, therefore, can not be calculated for this site.

Lower Granite Dam – 1996

PATH asked NMFS to provide the most current information regarding bypass survival estimates for fall
chinook. In a memo (undated) Muir and Smith noted that bypass estimates in 1996 at LGR, indicated
survival at 0.787 averaged for a number of releases. They reported that handling may have elevated the
mortality. They did not offer any other estimates.

Sensitivity Analysis

Bypass-related estimates are available for only two dams. Neither estimate properly isolates total bypass
effects from encounter with the screens to exit at the outfall and the immediate outfall area. Therefore
neither set of estimates is representative of the site where they were acquired let alone all other dams. To
assess the sensitivity of overall results to uncertainty in estimates of bypass survival, the passage sub-
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group agreed to complete sensitivity runs to alternative bypass survival values of 0.79 and 0.98. Results
of these sensitivity runs are reported in Section 6.3.
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4.2.2 Reach Survival Data

The passage models use estimates of survival rates through various portions of the lower Snake River
collected by NMFS from 1995 to 1998. These studies were described in detail in Section 3.1.1 of the
PATH FY98 Report (included in this report as Appendix C). Since that report was completed, survival
estimates from studies conducted in 1998 were made available, and are reported here. Figure 4.2-1 shows
1995 to 1998 survival estimates from point of release to the tailrace of Lower Granite Dam; Figure 4.2-2
shows 1995 to 1998 survival estimates from Lower Granite Dam to the tailrace of Lower Monumental
Dam.
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Figure 4.2-1: Survival from point of release in the Snake (Pittsburg Landing, Billy Creek, and Asotin) and
Clearwater (Big Canyon Creek Rivers to the tailrace of Lower Granite Dam) for 1995, 1996, 1997,
and 1998 releases. Standard errors are also shown. Figure provided by Bill Muir, NMFS.
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Figure 4.2-2: Survival estimates for PIT-tagged hatchery subyearling fall chinook salmon leaving Lower
Granite Dam to the tailrace of Lower Monumental Dam each week during 1995-1998. Standard
errors are also shown. Figure provided by Bill Muir, NMFS.

4.3 Fall Chinook Passage Models

4.3.1 General Description of Fall Chinook Passage Models

Different passage models (CRiSP and FLUSH) represent alternative hypotheses regarding the survival
rate of juvenile fall chinook during their seaward migration through the hydropower system from the face
of Lower Granite dam to below Bonneville Dam (major similarities and differences between the passage
models are summarized in Tables 4.3-1 and 4.3-2). During the retrospective phase, factors affecting
survival of these fish are identified and quantified. These factors, which include predation rates, water and
fish travel times through reservoirs, temperature information, turbine and bypass survival, etc., are used to
formulate models that provide annual estimates of mainstem survival rates that reflect the hydrosystem
configuration in each year (Figure 4.3-1). These models are distinct from the CRiSP and FLUSH models
applied to spring/summer chinook.

During the prospective phase, the passage models are used to estimate what the annual mainstem survival
rates would be through the mainstem hydropower system under various future management scenarios that
reflect different configurations or operations ranging from predator removal to dam breaching. The
survival increases associated with each management action, relative to survival in the past (retrospective)
period, affect projections of the life-cycle model.

Three parameters are passed from the passage models to the life-cycle model. They are: 1) the survival of
fish migrating inriver, measured from the face of Lower Granite dam to below Bonneville Dam (Vn);
2) the proportion of fish arriving below Bonneville Dam that were barged (PBt); and 3) the direct
(weighted average) survival rate of all fish (both transported and non-transported) to below Bonneville8.
These parameters are used to calculate system survival rates in the life-cycle model for both the
retrospective and prospective phases.

This section provides descriptions of the CRiSP and FLUSH models and the methods used to develop
them, outlines the similarities and differences between the models, and reviews the recent changes to each
model. A more detailed diagnostic analysis of the passage models is provided in Section 6.1.1.

                                                     
8

In previous PATH reports, we have also used the terms “total survival” and “total direct survival” to describe this parameter.
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Table 4.3-1: Major similarities between CRiSP and FLUSH retrospective passage models.

Model Component Description of Common Approach/Values used in CRiSP and FLUSH
Bypass survival At all dams, direct bypass survival was set to 0.90, with an additional tailrace mortality of

approximately 0.02. The tailrace mortality varied by project in relation to predator abundance and
temperature. The overall survival of 0.88 is based on paired release studies conducted by NMFS at
Little Goose dam in 1997. The sensitivity of model results to this assumption was explored (results
presented in Section 6.3.3).

Fish guidance
efficiencies

FGE values are contained in Section 3.1.1 of the PATH FY98 Final Report.

Spill effectiveness Due to time constraints, we used a simple model for spill effectiveness. At all dams except The Dalles,
spill effectiveness was modeled as 1.0. At The Dalles, spill effectiveness was modeled as 2.0. Since
spills in the summer are generally much lower than in the spring, this assumption is not as important
for summer migrants as it is for spring migrants. Future runs will likely incorporate a more complex
model based on more recent observations.

Direct transport
mortality

Because little evidence exists regarding mortality of subyearling chinook on trucks and barges, direct
transport survival was set at 0.98, as was used for spring chinook modeling. We also conducted
model runs with transport survival set to 0.90. The results are presented in the sensitivity section
(Section 6.3.3).

Predation mortality We used two assumptions about the effectiveness of the predator removal program. For the first set of
runs, we assumed there was no decrease in predation due to the predator removal program. For the
second set of runs, we assumed that the predator removal program has been effective in reducing
predation by Northern Pikeminnow, based on reach-by-reach estimates of reduction in predation
produced on a yearly basis by Ward and Schaller (Section 5.2.1). Sensitivity analysis showed that
there was very little difference in passage model outputs between these two assumptions (Section
6.3.4), so only the second set of passage runs were used in life-cycle modeling.

Survival in free
flowing Snake
reaches

Several dams were not present in the early years of the retrospective runs. Also, some of the
prospective alternatives explored dam breaching. To model survival in free-flowing reaches, we
removed the dams and associated mortalities (including forebay and tailrace predation) and lowered
the reservoirs to pre-impoundment levels. Upper and lower bound survivals in the free-flowing
reaches were based on PIT tag survival estimates in the free-flowing Snake River (described in
Section 5.2.2).

Initial release
distribution

The initial release distribution at the face of Lower Granite Dam is based on passage index data for
wild fall chinook. The release distributions are shifted temporally based on temperatures measured at
the Anatone gauge station on the Snake River above the confluence with the Clearwater River.
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Table 4.3-2: Major differences between CRiSP and FLUSH retrospective passage models.

CRiSP FLUSH

Predator mortality calibrated to 1995-98 NMFS PIT-tag
survival estimates for LGR Dam to LMN Dam

Predator mortality estimates calibrated to 1983-1986 JD
reservoir predation studies

FTT for entire system represented by an equation that
encompasses a seasonally related FTT/WTT relationship and
downstream acceleration

FTT relationships for LGR Dam to MCN Dam and MCN Dam
to BON Dam reaches derived separately and represented by
reach-specific functions of WTT

Data from both hatchery and wild fish used to derive FTT
relationship above and below MCN Dam

Data from wild fish only was used to derive FTT relationship
above MCN Dam; hatchery and wild fish used below McNary

FTT calibration based on combining data from daily dam
arrival cohorts into weekly groups

FTT calibration used data from individual fish, and in model
was capped at 90th percentile of observed travel times

Initial LGR distribution based on mean passage index of wild
fish adjusted for temperature effects

Width of arrival distribution at LGR dam, as well as mean date,
predicted from temperature

Bypass mortality not applied to transported fish Bypass mortality (10%) applied to transported fish

Figure 4.3-1: Schematic diagram of passage model outputs and processes.
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4.3.2 CRiSP Model Description

Introduction and Overview

This section contains a brief description of the CRiSP model used for fall chinook modeling along with
the major assumptions used for model configuration. In addition, calibration methods and results are
presented.

Since data for model development and calibration are much sparser for fall chinook than for spring
chinook, and since fall chinook migratory behavior is generally more complex than that of spring
chinook, we chose to adopt a "top down" calibration approach for fall chinook modeling. That is, we used
the NMFS project survival estimates to calibrate behavioral relationships instead of using these data for
validation, as was done for CRiSP spring chinook. This approach ensures that the model output will
reflect the most current (and only) survival estimates for Snake River fall chinook.

The NMFS survival studies (1995-1998) provide two sets of estimates for the Snake River fall chinook:
survival from release to Lower Granite Dam, and from Lower Granite Dam to Little Goose and Lower
Monumental Dams. Since the fish were released as pre-smolts, the release to Lower Granite segment
represents a rearing phase in addition to a migration phase. The segment from Lower Granite Dam to
Lower Monumental Dam represents primarily a migratory phase. In the previous PATH fall chinook
modeling effort (Marmorek et al. 1998), we incorporated both rearing and migratory phases in the
passage modeling. For this analysis we only included the migratory phase, and all runs began at the face
of Lower Granite Dam.

Many assumptions were required to produce these runs. The CRiSP modeling team along with the
FLUSH team agreed to a set of assumptions under the consultation of representatives from NMFS,
ODFW, USGS and the Army Corps. Some of these assumptions were analyzed by conducting sensitivity
analyses based on alternative model configurations.

This report is divided into the following sections: Major assumptions will outline the assumptions and
provide comments; Behavioral relationships describes the migration rate and predation rate relationships;
Calibration will discuss the data used in the calibration and provide results, including parameter
estimates; the Validation section presents efforts to compare model predictions to independent data; and a
brief Discussion section will analyze the results and present some issues. In addition, the changes made to
CRiSP since the FY 98 report will be outlined following the discussion.

Major Assumptions and Conditions

As stated above, several assumptions were required in order to complete these runs. Assumptions
common to CRiSP and FLUSH are detailed in Section 4.3.1. Assumptions used by CRiSP only are
described below. Assumptions about fish behavior are presented in the Behavioral relationships section.

Assumptions used by CRiSP only:

Migration rate in free-flowing reservoirs. Fish migration rate in free-flowing reservoirs was modeled
utilizing the relationships obtained from full pool conditions but extrapolated to faster water travel times.

Release distributions: The Lower Granite Dam releases were based on wild fall chinook passage index
data. Release timing at Lower Granite Dam is important for estimating proportion of fish transported and
for determining river conditions during the migratory period. The median passage date is related to water
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temperature with earlier passage associated with warmer water temperature (Figure 4.3.2-1). The
observed timing/temperature relationship was used to shift composite release distributions for the
retrospective and prospective model runs.

To construct the composite release distributions, the following method was employed. First, yearly timing
distributions were compiled for the period 1992-1998 for wild passage indices at Lower Granite. The
temperature trend was removed by shifting the distributions according to the temperature relationship.
Also, the distributions were normalized so that each year was weighted equally. A mean passage
distribution was then computed, which was then shifted based on the water temperature for each year.

Figure 4.3.2-1: Median passage date versus mean temperature for wild Snake River fall chinook. Mean
temperature was computed over the first180 days.

Reservoir mortality. CRiSP assumes that the primary cause of reservoir mortality for fall chinook is
predation. Predation is partitioned into the forebay, tailrace and main reservoir.

Another assumption of the CRiSP model is that behaviors observed in the upstream reaches can be
extrapolated to downstream reaches. In other words, we have survival estimates only for Lower Granite to
Lower Monumental. These observed survivals are used to calibrate the predation submodel and the
response to factors such as temperature. We then assume that the behavioral responses in the lower
reservoirs are consistent with those in the upper reservoirs (Little Goose and Lower Monumental). For
travel time, data were available over the entire migration route from Lower Granite to Bonneville, so no
extrapolation was necessary.
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Behavioral Relationships

Migration Rate

Migration rate parameters were estimated using procedures presented in Zabel et al. (1998). The
procedure involves fitting increasingly complex migration rate models to the data and selecting the model
with the level of complexity supported by the data. The simpler models have either a constant migration
rate or a linear relationship with river velocity. The most complex model includes downstream
acceleration and a seasonal flow term where fish use more of the river velocity for migration later in the
season. The equation for the most complex model is
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The terms inside of the square brackets are logistic equations that vary with time and attain maximal
values. This form was selected to ensure that the equation does not produce results outside the range of
observations. The α's are slope parameters, and the T's are inflection points. The first set of terms
describes a downstream acceleration independent of flow. βMIN (which is equal to β0 + β1 /2) is the
minimum flow-independent migration rate, and βMAX (which is equal to β0 + β1 ) is the maximum flow-
independent migration rate. The second term describes the flow-dependent migration rate, with the flow
dependency increasing as the season progresses. Vt is the water velocity, and βFLOW is the maximum
proportion of river velocity used for migration. See Zabel et al. (1998) for a fuller explanation of the
model and parameters.

Equation 4.3.2.1 involves the fitting of 6 migration rate parameters (βMIN, βMAX, βFLOW, α1, α2, and TSEASN).
The simpler models are nested within the more complex model. As mentioned above, we begin by fitting
the simplest model and sequential increase complexity by adding parameters. If an added parameter does
not substantially improve the model performance, we chose the simpler model.

In addition, we estimate the rate of population spreading (Zabel and Anderson 1997) based on the spread
of arrival distributions at observation sites. Fall chinook have very protracted arrival distributions, and
spreading the populations as they move downstream ensures they will experience a broad range of
environmental conditions.

Predation Mortality

The majority of reservoir mortality for fall chinook is assumed to be due to predation. This is consistent
with the observations of several studies of predation in the Snake and Columbia Rivers (Riemann et al.
1991, Tabor et al. 1993). In CRiSP, reservoir mortality also results from gas bubble disease from nitrogen
supersaturation, but the effect of this is minimal during the summer months because of low spill levels.

During each time step, predation survival is determined by predation rate, rt, and the duration of the time
step, ∆t:

tr
t

teS ∆⋅−= [Eqn. 4.3.2-2]

The exponential form results from the assumption of a constant predation rate during the time step
(Kalbfleisch and Prentiss, 1980). Predation rate is assumed to be proportional to predator abundance and
consumption rate. Consumption rate is modified by a temperature response function, with consumption
rate increasing with higher water temperature.
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The general form for predation rate is

)(TfPCr tMAXt ⋅⋅= [Eqn. 4.3.2-3]

where
CMAX is the maximum consumption rate that varies by reservoir zone,
Pt is the predator density, and
f(T) is the temperature response equation.

For the temperature response equation, the sigmoidal form from Vigg and Burley (1991) was employed:

))exp(1/(1)( TbaTf ⋅−+= [Eqn.4.3.2-4]

We assumed that the temperature response function did not vary by location (tailrace, forebay, or mid-
reservoir) but that the consumption rate did. Further, to simplify the fitting procedure, the consumption
rates were assumed to be proportional to those observed in the different reservoir zones for July and
August (Rieman et al. 1991, Vigg et al. 1991, and Anderson et al. 1996). In other words, we did not fit
consumption rates separately for the forebay, tailrace or mid-reservoir (the resolution of the data would
not support this) but assumed the relative consumption rates in these zones were the same as observed
elsewhere. Thus, we fit the three parameters of Equation 4.3.2.3: CMAX, which scaled the level of
predation, and a and b, which together determined the temperature response.

Predator abundances are based on the predator index studies performed by USFWS, ODFW, and WDFW
(Ward et al. 1995, Zimmerman and Parker 1995). The major predators are northern pikeminnow, walleye,
and smallmouth bass, and abundances for these predators were related to abundance estimates based on
mark-recapture studies in John Day Pool, 1983-1986 (Beamesderfer and Riemann 1991). For
pikeminnow, we used predator index data for the years 1990-1991 as base abundances because predator
removal program had little or no effect in these years. The abundance of walleyes and small mouth bass
were converted to pikeminnow equivalents based on their consumption rates relative to pikeminnow
consumption rates (Vigg et al. 1991). Because the mark-recapture studies had very broad confidence
intervals in their abundance estimates (Beamesderfer and Riemann 1991) and because the predator index
are not intended to provide absolute abundances (Ward et al. 1995, Zimmerman and Parker 1995), we
used these data in a relative sense. The purpose of the predator index studies is to gauge relative
differences in predator abundances among reservoirs and within the reservoir zones, and this is how they
are utilized in CRiSP.

As formulated, the predation model in CRiSP is intended to be an empirical model based on underlying
mechanisms described in the literature. The CMAX parameter has the effect of scaling predation rate up or
down such that model-predicted survivals are consistent with observed ones. Since predator abundances
in CRiSP are intended to be reflective of relative abundances, the CMAX parameter also has the effect of
correcting upward or downward biases in predator abundance estimates. As formulated, the model
produces results that are consistent with observations with the ability to capture features such as the effect
of the predator removal program or increased predator activity with increased temperature.

Calibration

Optimization routines were used to calibrate both migration rate and predation rate parameters. Both
optimization routines operated by minimizing a merit function based on differences between observed
travel time or survivals and ones generated by CRiSP under particular parameterizations. Details of travel
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time calibration are provided by Zabel et al. (1998). For survival calibration, we produced a survival
corresponding to each weekly survival published by NMFS. This can be expressed as

iiOpredfixediM SS εθθ += ,, )~,~( [Eqn. 4.3.2-5]

SO,I is the observed survival of the ith cohort
SM,I is the modeled survival of the ith cohort
θ is a vector of model parameters; most parameters were fixed, but the three predation parameters

are estimated from the survival data.
εI is the error associated with the ith survival estimate.

The model-estimated survivals depend both on parameters that are fixed (and common to CRiSP and
FLUSH) and predation rate parameters that are calibrated with the survival data. The error term represents
error arising from both the fixed and calibrated parameters, along with errors in the observed survivals.
To estimate the predation rate parameters, the following merit function is minimized with respect to the
predation rate parameters:

∑
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2
,, )( [Eqn. 4.3.2-6]

Wi is the weighting of the ith cohort (N cohorts total).

The weighting is based on the variance of the survival estimate and is implemented to down-weight
unreliable estimates. We adopted the weighting used by NMFS (Steve Smith, pers. comm.), which is

iiOi VarSW /2
,= . The survival in the numerator counteracts the tendency of lower survivals having

lower variances. Within a year the weights were normalized so that each year had equal weight.

Since survival and travel time are not independent in CRiSP, the two components were calibrated
iteratively until a common set of parameters led to best fits in both components.

For comparison purposes, we produced yearly composite survivals for both the observed and modeled
survivals. For each year, the composite survival was calculated as
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iiyear WSWS

11
[Eqn. 4.3.2-7]

where the WI’s are the same as in Eqn. 4.3.2-6.

Travel Time Results

Plots of observed versus modeled median travel times are presented in Figure 4.3.2-2. The estimated
migration rate parameters are contained in Table 4.3.2-1. The complex model was supported by the data
and provides a reasonable fit.



PATH Decision Analysis Report for Snake River Fall Chinook

42 ESSA Technologies Ltd.

Figure 4.3.2-2: Observed versus modeled median travel times. Travel times were observed from Lower Granite to
Little Goose, Lower Monumental, McNary, John Day (1998), and Bonneville (1997 and 1998).
Observed travel times were based on weekly cohorts at Lower Granite. The solid line is the one-
to-one line.

Table 4.3.2-1: Migration rate parameters (from Equation 4.3.2.1). Units are miles and days. σ2 is the rate of
population spreading (Zabel and Anderson 1997) in units miles2/day.

Parameter Estimates
Segment �MIN �MAX �1 �FLOW �2 TSEASN �2

Lgr-bon 0.68 21.37 0.214 0.962 0.102 188.5 205.8

Survival Results

Plots of observed versus modeled survivals for the reaches Lower Granite to Lower Monumental) are
provided in Figure 4.3.2-2, and parameter estimates are contained in Table 4.3.2-2.

Table 4.3.2-2: Parameter estimates for the predation rate equations (Equations 4.3.2-3 and 4.3.2-4)

Parameter Estimates
Reservoir Zone CMAX⋅10-5 a B
reach: LGR-LMO 2.00
forebay: LGR-LMO 3.23

15.24 0.436

Travel Time from Granite

0

5

10

15

20

25

30

35

0 10 20 30

modeled tt (days)

ob
se

rv
ed

 tt
 (d

ay
s)

Bonneville
John Day
McNary
Lo Mo
L. Goose



PATH Decision Analysis Report for Snake River Fall Chinook

43 ESSA Technologies Ltd.

Figure 4.3.2-3: Observed versus modeled survivals. The observed survivals were obtained from NMFS reports
and from William Muir (1998 data). Approximate 95% confidence intervals are indicated by the
vertical bars. The solid line is the on-to-one line.

The model was able to capture the general trend of the data, but a great deal of variability still exists.
These results are consistent with other analyses that did not detect trends in the survivals associated with
environmental covariates (Muir and Smith 1998). Year-to-year variability in observed survivals was
apparent. In particular all the 1997 points fell on or below the one-to-one line, indicating poor observed
survivals relative to the other years.

When considering these data it is important to realize that the survival estimates are from weekly cohorts.
This is in contrast to the survival estimates reported in the spring chinook analyses, which were yearly
composite estimates. The weekly cohorts are much more variable than the yearly estimates, and thus we
wouldn’t expect as strong fits of the data to the model. As expected, the correspondence between the
model and data is much stronger when comparing yearly composite estimates (Table 4.3.2-3). Since this
is the level of model output used in the life cycle modeling, these results are encouraging.

Table 4.3.2-3: Yearly survival estimates from the tailrace of Lower Granite Dam to the tailrace of Lower
Monumental Dam. The standard errors (s.e.) correspond to the data.

year model data s.e.
95 0.702 0.689 0.144
96 0.622 0.674 0.230
97 0.487 0.369 0.412
98 0.793 0.729 0.270
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One notable result in Table 4.3.2-3 is the extremely low survival in 1997. This is contrary to expectations
because 1997 was a relatively high flow year. According to Bill Muir (NMFS, pers. comm.), these fish
were flushed out of their rearing areas earlier than usual and arrived at Lower Granite Dam approximately
20 mm shorter than in previous years. These fish likely continued to rear below Lower Granite and
suffered higher mortality.

Validation

Since all the survival data was used to calibrate the model, no “out of sample” data was available for
validation. To assess the model’s ability to predict independent data, we performed a “jackknife” analysis.
This procedure involved using three out of the four years’ data to calibrate model parameters (both
migration rate and predation parameters). These parameters were then used to predict survivals for the
fourth year. The procedure was performed for each of the four years (1995-1998).

Table 4.3.2-4. Results of the jackknife analysis.

Yearly survivals weighted SS
Year Model data calibration jackknife
95 0.695 0.689 30.07 31.87
96 0.575 0.674 37.50 48.95
97 0.683 0.369 21.04 118.38
98 0.793 0.729 6.84 6.87
Total 95.45 206.07

The results are presented in Table 4.3.2-4 and Figure 4.3.2-4. In Figure 4.3.2-4, the jackknifed survival
estimates for each year are presented together. From Table 4.3.2-4 we see that for two of the years (95
and 98), the jackknifed survival estimates were close to the ones obtained from the calibrated model. In
96, the jackknifed survival estimate was about 0.05 lower than the calibrated model’s, and the fit was
about 25 percent poorer. The largest deviation between the jackknifed estimate and the calibrated model
estimate occurred in 97. The jackknifed survival estimate was approximately 0.2 higher, and the fit was
much poorer. This result was not surprising given the anomalies that occurred in that year.
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Figure 4.3.2-4. Jackknife survival estimates for 1995-1998. The solid line is the one-to-one line.

Discussion

The migratory behavior of fall chinook is complex, particularly because the rearing phase and migration
phase are not distinct. This can lead to results that are counterintuitive such as in 1997 when a high flow
year had poor survivals. One of the goals of modeling is to learn about behavior and then adapt
accordingly. The next version of CRiSP will have survival related to fish length. Even with the
anomalous results in 1997, CRiSP was able to represent survivals reasonably well, especially when
considering yearly composite survivals.

One issue concerning these model runs is that point estimates were used for behavioral parameters (in
both CRiSP and FLUSH), and the model output used in the life cycle analysis was a single survival
estimate per year. These point estimates do not incorporate the uncertainty in the data. As a result,
relationships such as flow/travel time and predation rate/temperature may be overstated. This is
particularly important because in some cases the observed relationships are weak. The weighted least
squares approach helped with this problem because extreme points that often drive these relationships
were down-weighted. This results in more conservative relationships, which we believe are desirable
given the level of uncertainty. In the future, it will be beneficial to examine the effects of these derived
relationships by conducting formal sensitivity analyses on key parameters. Another approach might be to
utilize a Bayesian framework where the uncertainty is better characterized and a distribution of yearly
survivals is produced.
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Changes in CRiSP since the FY 98 report

This section outlines the changes in CRiSP since the PATH FY 98 report (Marmorek et al. 1998).

New version of CRiSP. The current runs utilized a new version of CRiSP (v1.6). CRiSP v1.6 is similar
to the previous version but some of the model algorithms have been simplified (e.g. fish delay in the
forebay and tailrace mortality).

Updated calibration. The current version of CRiSP incorporated the 1998 PIT tag data for survival and
travel time calibration. Also, a weighted least squares approach was implemented for the survival
calibration to give higher weights to survival estimates with lower variances.

Revised predator densities. Based on Ward et al. (1995) and Zimmerman and Parker (1995).

Rearing phase eliminated from model runs. All model runs began at the face of Lower Granite Dam.

Survival set to fixed value in free-flowing Snake. Lower and higher bound survival were fixed based on
a per km basis.

Assumptions of efficacy of predator removal program. Two sets of runs were produced: one set
assumed no effectiveness of predator removal program, and the other set based the effectiveness of
predator removal on estimates by Ward and Schaller.

Temperature-based release timing. Release distribution at Lower Granite Dam was shifted according to
a temperature algorithm.
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4.3.3 Fall FLUSH Model Description

Fall FLUSH v 6.0 estimates the survivorship of sub-yearling chinook from the face of Lower Granite
(LGR) dam through to the Bonneville Dam tailrace. Fall FLUSH was developed as a mechanistic model
to simulate changes in survivorship of sub-yearling chinook migrating through the hydrosystem. In Fall
FLUSH, mortality arises from predation and dam passage. Dam passage routes include spill, bypass,
turbines, and collection for transportation by truck or barge.

The model begins with an initial emigration start date represented as a normal distribution of daily cohorts
at the face of LGR dam (described below). The amount of time spent in a reservoir is determined by the
applicable fish travel time (FTT) relationships and water velocities experienced. During the time required
to travel through the reservoir, juvenile chinook are subject to predation. Once fish reach a dam they are
forced to one of three different routes of passage; they are either spilled, bypassed or go through the
turbines. After passing through the dam, subyearlings are then subject to predation in the first km
immediately below the dam (defined as the boat-restricted zone or BRZ). The subyearling migration is
modeled in this fashion from the face of LGR dam through eight hydroprojects ending at the Bonneville
BRZ. The following finite difference equation summarizes losses to a daily cohort by each of these
factors:

)))1(((1, ijtijtjijtijtijtjijtjititti PTcBPTransPTransbSaNNN ++−++−=+ [Eqn. 4.3.3-1]

where

Nit = number of subyearlings in cohort i on day t
ai,j = probability of being spilled over dam j for cohort i
Sjjt = probability of mortality after being spilled over dam j on day t for cohort i
bi,j = probability of being bypassed around dam j for cohort i
Bijt = probability of mortality after being bypassed at dam j on day t for cohort i
ci,j = probability of passing dam j through the turbines for cohort i
PTransijt = probability of cohort i being transported at dam j on day t
Tijt = probability of mortality after passing through the turbines at dam j on day t for cohort i
Pijt = probability of mortality due to predation in section j on day t for cohort i

Details on model development for each of these factors are described below, and a schematic is depicted
in Figure 4.3.3-1.
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Figure 4.3.3-1. Schematic diagram of Fall FLUSH.
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Initial Emigration Distribution

The face of LGR dam is the input point for smolts in FLUSH v 6.0. The distribution of fish arriving at
LGR dam each year is assumed to be normal, with annual mean and variance determined from the May 1-
June 30 average Snake R. water temperature taken near Anatone, Washington. This reach of the Snake
River is above the confluence with the Clearwater River, and is where the rearing of most naturally
spawned fall chinook subyearlings takes place. The median and variance of arrival date for each year
from 1991-98 (as calculated from LGR passage index provided by the Fish Passage Center, Portland,
Oregon) were regressed against the period average Anatone temperature in the year (Figure 4.3.3-2, 4.3.3-
3). Variation in the arrival distribution at LGR dam is thought to be a result of differences in rearing
environments with temperature largely influencing growth during rearing.

Figure 4.3.3-2 Median arrival date as a function of the average Snake R. water temperature near Anatone, WA
from May 1 to June 30.
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Figure 4.3.3-3. Variance in LGR arrival date vs. Anatone temperature, 1991-98.

Both median day of passage and variance in day of passage decrease with increasing temperature (Figs
4.3.3-2 and 4.3.3-3). For a given water year, average Anatone temperature was therefore used to
determine mean and variance, respectively, of the normal distribution at LGR in FLUSH according to
equations 4.3.3-2 and 4.3.3-3:

MD = 279 – 5.5893T  r2 = 0.68, p = .012 (Eqn. 4.3.3-2)

and

Var = 31669exp-0.2538T r2 = 0.79, p = .0032 (Eqn. 4.3.3-3)

Where

MD = the median date of the LGR dam arrival distribution (in Julian days)
Var = variance in date of LGR arrival
T = the mean Anatone gauge temperature from May 1-June 30.

Fish Travel Time Relationships

Hydrosystem subyearling chinook experience is defined temporally by the FTT relationships. The time
required for subyearlings to migrate through a reservoir has been empirically estimated through PIT tag
studies conducted from 1991-1998 by (Connor et al. 1993, 1994a, 1994b, 1996, 1997, 1998). Fish were
tagged at several sites upstream from LGR. Tagged fish were then detected at downstream dams with date
of detection recorded at each dam. The difference between release date and detection date was the time
required to travel between these points. These estimates were regressed against temperature, discharge,
water travel time (WTT), length at release, and date released to determine the best predictor(s) of FTT.
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FTT was defined for two reaches in the hydrosystem: from LGR dam to MCN dam, and from MCN to
BON dam. PIT-tag data suggest that fish velocity increases as fish migrate through the system. Thus,
observed FTT in the first reach is much greater than in the lower reach . Specific FTT relationships were
developed for the LGR dam to MCN dam reach and the MCN dam to BON dam reach. In years before
LMO, LGO, or LGR dams were in place FTT was modeled with the same FTT to WTT relationship
derived for the impounded LGR-MCN reach, but with faster water velocity resulting in lower FTT.

LGR Dam to McNary Dam

FTT was determined from LGR to McNary as the difference in detection dates of PIT-tagged fish from
these two projects. Wild subyearling chinook FTT was regressed against WTT producing a FTT from
LGR to McNary modeled as:

WTTeFTT 0859.054.4= r2=0.34 p<0.0001 n=192 [Eqn. 4.3.3-4]

with a maximum travel time of 13 days per reservoir (based on the 90th percentile of observed FTT of 51
days for 4 reservoirs) (Figure 4.3.3-4).

Figure 4.3.3-4. Fish travel time as a function of water travel time from LGR dam to MCN dam.
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McNary Dam to Bonneville Dam

FTT was also determined from MCN to BON from 1997-1998 for Snake River subyearling chinook,
however, due to the low sample size of individual wild fish detections, hatchery and wild fish were used
in the FTT relationship for this reach (Figure 4.3.3-5). FTT for this reach was described by WTT with:

WTTeFTT 0883.0568.2= r2=0.23 p<0.0001 n=416 [Eqn. 4.3.3-5]

Figure 4.3.3-5. Fish travel time as a function of water travel time from MCN dam to BON dam.

Predation

The FTT relationship defines the amount of time a subyearling remains in a reservoir. Throughout their
duration in the reservoir, subyearlings are subject to a variety of predators. Every day spent in the
reservoir, a portion of a cohort is lost to these predators. After the fish travel through the reservoir they
encounter a dam. After passing the dam survivors are subject to predation in the BRZ.

Predators in the BRZ are modeled with different consumption rates than in the reservoir as predators have
been documented to alter foraging behaviors in this area. Predation rates are generally higher in the BRZ
as predators exhibit different numeric and functional responses. The high concentration of stressed and
disoriented juvenile salmonids in the BRZ after passing the dams either through bypass, spill, or turbines
is thought to be responsible for the increased consumption rates. Predation in the BRZ in Fall FLUSH
occurs in 1 day and is thus independent of FTT. All modeled mortality in the BRZs and reservoirs is due
to predation. The percent mortality due to predation in the migration corridor was modeled as:

kjkzzjtj AIQCZP δαmax*= [Eqn. 4.3.3-6]
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where

Pj =  percent mortality in reservoir or BRZ j
z = where z is the zone (MCN BRZ or JDA reservoir)
Cmaxjt = the maximum potential consumption rate as a function of temperature at dam or

reservoir j at time t
αz = the percent active predators for z

zQ = the pikeminnow population estimate for section z
δk = the conversion from pikeminnow consumption to species k consumption
AIkj = the abundance index for species k in section j

Abundance indices for northern pikeminnow, walleye, and smallmouth bass, prior to the predator removal
program for all BRZs and reservoirs, were used to determine relative predator population abundance in
the model. The consumption conversion index describes the relative rate of consumption of smallmouth,
walleye, or catfish to pikeminnow.

Predator Population Estimates

Between 1983-1986 an intensive predator assessment program was implemented in JDA reservoir (Poe
and Rieman 1988). Mark-recapture population estimates were made for northern pikeminnow,
smallmouth bass, and walleye (Rieman et al. 1991). Predator abundance and consumption rate estimates
have been monitored at the majority of the hydroprojects’ reservoirs and BRZs from 1991 to the present
(Zimmerman and Parker 1995; Ward et al. 1995; Ward 1997). Predator population estimates were
indexed to Catch Per Unit Effort (CPUE) information relative to the mark-recapture estimates in John
Day reservoir.

Catfish diet information suggests that salmonids often represent a large proportion of their diet (Vigg et
al. 1991). Estimates of catfish populations have not been formally determined through mark-recapture
estimates, and thus the impact of catfish on salmonid mortality has been largely ignored (Poe et al. 1994).
Gill net information, however, suggests that catfish are highly abundant from LGR reservoir to MCN
(Zimmerman and Parker 1995). We compared bottom and surface gillnet-pooled CPUE information for
northern pikeminnow and catfish (Zimmerman unpublished data) in the Snake River. Catfish CPUE was
approximately 5 times that of pikeminnow in these areas. This assumes equal vulnerability for both
species to gillnets. As a conservative estimate, we assumed that catfish abundance was twice pikeminnow
abundance in the Snake River. We also conservatively assumed catfish were not present downstream of
MCN dam.

Consumption Estimates

Consumption rates for the major predators in the MCN BRZ and in JDA reservoir from 1983-1986 were
estimated through a gut evacuation technique developed by Swenson and Smith (1973) and reported in
Poe et al. (1991), Vigg et al. (1991), and Reiman et al. (1991) (see Poe and Rieman 1988). These
observed northern pikeminnow consumption rates were compared to salmonid density to determine
whether predation foraging patterns adhere more closely to Type l or Type III functional response models
adjusted for temperature (Bouwes et al. in prep.). As a Type 1 (linear) response of predators to prey
density provided a good fit to the observed consumption estimates (Bouwes et al. in prep.), we assumed
that the proportion of prey eaten were independent of prey numbers (Juliano 1993).

Water temperature constrains physiological processes of fish. The rate at which a fish can consume prey
is in part dependent on temperature. These physiological limits have been described in depth by
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bioenergetics models (Ney 1990, Hewett and Johnson 1992). In Fall FLUSH, Cmax was used to adjust
for the effects of temperature on consumption rates of pikeminnow. Cmax is the maximum potential
consumption rate of a predator at a given temperature. A gamma function described the relationship
between Cmax and temperature as determined in the laboratory by Vigg and Burley (1991). This variable
was used to adjust observed consumption estimates when regressed against prey density. The following
equation related consumption rates of pikeminnow to prey density for JDA pool and MCN BRZ:

ypreydensitCnconsumptio max**442.0=  in JDA reservoir with r2=0.55 and p<0.0001

and

ypreydensitCnconsumptio max**559.0=  in MCN BRZ with r2=0.65 and p<0.0001

These equations were used to predict consumption rates in reservoirs or BRZs for all projects for northern
pikeminnow. Consumption rates of other species were represented as a proportion of pikeminnow
consumption. Rieman et al. (1991) observed smallmouth bass consumption rates at an average of 0.28
that of pikeminnow consumption rates. Walleye consumption rates were set equal to 1.415 times that of
pikeminnow (Rieman et al. 1991). Catfish consumption rates were 0.71 that of pikeminnow (Vigg et al.
1991).

Direct Dam Mortality

FTT for each cohort is tracked in FLUSH. Direct dam mortality is 0 while the fish migrate through the
reservoir. On the day when fish encounter a dam, mortality is apportioned to each route of dam passage.
Fish can pass dams through 3 different routes: spill (S), bypass (B), and turbines (T). The probability of
reaching each route is represented by a, b, c, respectively where:

a = fs / f * SS
b = (1 - a) * (FGE)
c = (1 - a) * (1 - FGE)

with

f = water flow rate past the dam (including spill)
fs = water flow rate over spillway
SS = spill effectiveness
FGE = fish guidance efficiency (proportion of smolt diverted into collection facility-not

including spilled smolt)

FGE values vary by project and year.

Once a cohort reaches a dam the probability of mortality for each route depends on the different passage
assumptions. The model assumes passage mortality for S = 0.02 and T = 0.1. Paired releases above and
below the bypass system suggest that mortality from the bypass facility is 12.0% (Muir 1998). This
estimate, however, includes losses due to predation in the BRZ. To avoid applying mortality twice to the
same fish we subtracted predation mortality from the bypass mortality. A predation mortality of 2% was
subtracted from the total mortality to produce a B=0.10.
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Transportation

A fish entering the bypass system is either sent to a collection facility or back into the river below the
dam. All fish entering the collection facility are subject to bypass mortality. A large proportion of the fish
captured in the collection facility is transported. The probability of being transported (PTrans) is zero if
the cohort has not arrived at the dam or if transportation for the year has ended, otherwise PTrans is the
seasonal average for each project reported by the Army Corp of Engineers. The transported fish are
subtracted from the cohort for the remainder of the migration through the passage corridor. Mortality due
to transportation is assumed to be 2% based on anecdotal evidence and visual observations. Surviving
transported fish are then added to the total in-river fish after the Bonneville tailrace to determine
instantaneous direct mortality.

Calibration

Mark-recapture models of PIT-tagged fish have been used to estimate survival of subyearling fall chinook
in the LGR to LMN reach from 1995-1998. Comparisons between FLUSH and mark-recapture models
suggest considerable discrepancies between these survival estimates. In an attempt to minimize these
discrepancies, we began a calibration process in FLUSH to alter parameters of mechanistic relationships
with the greatest uncertainty to match PIT tag survival estimates. This approach made two large
assumptions; that PIT tag survival estimates accurately reflect actual survivals of fall subyearling
chinook, and that the calibrated parameters in FLUSH were properly chosen to allow extrapolation
beyond the temporal and spatial scale over which PIT tag survival estimates were conducted.

Mark-recapture models are commonly used to estimate survival probabilities for many animal
populations. These models as all models rely on several assumptions (e.g. equal detection probabilities).
Fortunately, several techniques have been developed to test many of these assumptions. The utility of
survival probabilities estimated from PIT-tagged juvenile fall chinook is limited in the present task due to
the sparseness of data relative to inter- and intra-annual variability in environmental conditions during the
wild subyearling chinook migration. It should also be noted that most fish included in the PIT-tag studies
are hatchery-origin, rather than naturally spawned fall chinook. One approach we used in the calibration
process to help protect against potential misrepresentations of PIT tag estimates was to put more emphasis
on estimates that exhibited the least amount of variability. We weighted PIT tag estimates by the inverse
relative variance (Smith 1999) to compare to FLUSH survival estimates.

Although mark-recapture survival probabilities are model estimates they require far fewer assumptions
and parameter estimates than do survival probabilities estimated from the passage models. Passage
models require several large assumptions about the degree to which different mechanisms are responsible
for smolt mortality in the different projects, and the consequently in the parameter estimates used in those
relationships. In the passage models, predation is responsible for the mortality in the reservoirs. Estimates
on predator abundance, relative impacts of different predators, predator functional responses, and time
spent in the presence of predators are examples of components of this mechanism that incorporate high
uncertainty.

In FLUSH, we included catfish as major predators in lower Snake River reservoirs. While relative
abundance of catfish has been monitored in these reservoirs (Zimmerman and Parker 1996), absolute
abundance estimates have not been attempted. However, as with smallmouth and walleye, model
representation of this predator is made relative to northern pikeminnow abundance. Surface and bottom
gillnet information suggests that catfish are 5 times more abundant than pikeminnow in these reservoirs
(Zimmerman unpublished data). This assumes that pikeminnow are equally as vulnerable to this gear as
catfish. Initially, in FLUSH we assumed that catfish were twice as susceptible to gillnets as pikeminnow.
As this vulnerability parameter is unknown, we used this parameter to calibrate FLUSH survival
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probabilities to the PIT tag survival estimates. By altering this parameter we were able to increase
concordance (decrease the residual sums of squares) of FLUSH and PIT tag survival probabilities by over
20%.

Another component of FLUSH that greatly affects the reservoir mortality is the time spent in the
reservoir. FTT relationships were developed in FLUSH by measuring time elapsed between detections of
PIT-tagged fish. WTT was the best predictor of FTT, however, this relationship was weak with the
greatest variability occurring under high WTT conditions (Figure 4.3-8). Fish with long FTT had a large
influence on this relationship. Therefore, fish with long FTT may be over-represented in the passage
model. We deleted fish with long FTTs to calibrate this relationship to represent similar mortality
observed in the PIT tag survival estimates. By altering this parameter we were able to increase
concordance (decrease the residual sums of squares) of FLUSH and PIT tag survival probabilities by over
30%.

These two parameters represent only a few of the numerous parameters or combinations of parameters
that could be altered to calibrate to the PIT tag survival probabilities. Calibration of different parameters
can result in large discrepancies in the outcome of prospective analyses. The large flexibility in these
mechanistic models illustrates a large potential problem of this analytical tool. Currently we have chosen
not to report FLUSH estimates from model runs which were calibrated to PIT tag survival estimates until
we can determine whether changes in various parameters are biologically realistic, relevant, and
supportable by existing evidence (i.e. all Fall FLUSH output reported and used in life-cycle modeling
for this report is from the version which was not calibrated to the PIT-tag survival rate estimates).
These steps are necessary to determine how mechanisms are affected under environmental changes
expected under each alternative management action.

Survival Rate Comparisons

Figure 4.3.3-6 depicts PIT-tag survival probabilities for weekly cohort arriving at Lower Granite Dam to
arrival at Lower Monumental Dam, plotted against the non-calibrated FLUSH predicted estimates. The
graph demonstrates the large variability in the PIT survival probabilities (0.11-1.04) and the large range
of variances around the probabilities.
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Figure 4.3.3-6. FLUSH predicted and PIT-tag survival probabilities for LGR Dam to LMN Dam reach, 1995-98.
Solid line represents 1:1 line. Error bars represent +/- two standard errors for the PIT tag survival
probabilities.

Changes in FLUSH since the FY 98 Report

This section outlines the changes in FLUSH since the PATH FY 98 Report.

Rearing and migration above LGR dam eliminated. All model runs begin at the face of Lower Granite
dam. Initial distribution of fish is based on passage index data at LGR dam, and is predicted from
Anatone, WA temperature data.

Fish Travel Time. Fish travel time relationships for the LGR dam to MCN dam, and MCN dam to BON
dam reaches have been revised. The relationships to WTT and minimum and maximum cohort FTTs
allowed in the model now reflect inclusion of 1998 PIT-tag data.

Free-flowing survival rate and FTT in Snake R. Per-mile survival rates for upper and lower bound
assumptions was changed to reflect new hypotheses, described in Section 5.2.2 of this document. Fish
travel time is no longer set equal to WTT; rather, FTT is predicted based on estimated free-flowing WTT,
using the same relationship that is used for impounded stretches. Smolt arrival time at the point of LGR
dam is not affected by the absence of LGR dam and reservoir. The per-mile rate is also applied in MCN
pool, to the face of MCN dam.

Free-flowing FTT in John Day reach. Survival is modeled using two alternative assumptions about the
impact of natural river drawdown on FTT in the John Day reach, as described in Section 5.2.2.

Assumptions of efficacy of predator removal program. Two sets of prospective runs were produced:
one set assumed no effectiveness of the pikeminnow removal program, the other assumed project-specific
“mid-level” effectiveness as estimated by D. Ward and H. Schaller, ODFW.
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4.4 Data Sets Relevant to Life-Cycle Model Components

4.4.1 Run Reconstruction Information

Introduction

This section of the report includes the run reconstruction material from the FY 98 report, with updates to
the Snake River brights (SRB) data and analysis, and an expanded explanation of methods. The objective
of this section is to present spawner and recruit data, and a brief evaluation of temporal and spatial
patterns of stock productivity and survival for Snake River fall chinook and other naturally spawning
stocks with similar life history characteristics. The results of this report are for use in the PATH (Plan for
Analyzing and Testing Hypotheses) retrospective and prospective analyses of alternative hydro-
management actions in the Columbia and Snake rivers. The four stocks we performed run reconstructions
for are: 1) Snake River brights (SRB); 2) Hanford Reach-Yakima River upriver brights (HYURB);
3) Deschutes River brights (DES); and 4) North Fork Lewis River brights (NFL) (Figure 4.4-1). These
four stocks all share common characteristics: sub-yearling out migration (ocean type life history); delayed
spawning after returning to natural areas (brights) in expansive mainstem or larger second order tributary
areas; and use of spawning and rearing habitat in areas with flows regulated by upstream dams. We did
not include the tule fall chinook populations that return to tributaries in the lower Columbia River (below
The Dalles Dam) at a younger age and are ready to spawn upon return. Tules are exposed to different
harvest impacts compared to brights (due to different spatial and temporal return patterns) and the vast
majority of tule chinook are from hatchery origin.

The SRB population consists of all adult fall chinook presently spawning downstream from the Hells
Canyon Dam complex to the uppermost dam on the lower Snake River (Figure 4.4-1). The current
distribution of SRB chinook is confined to the mainstem below Hells Canyon Dam. In the era before
Snake River hydro development, the fall chinook spawned in the mainstem Snake River from the mouth
to Shoshone Falls, a distance of 984 river kilometers (Rkm). Historically, the majority of SRB fall
chinook spawning occurred above the present Brownlee Dam site (Figure 4.4-1) (Haas 1965; Howell et.
al. 1985). The existing naturally spawning fall chinook population is a remnant of a formerly large run
that returned an average of 41,000 spawners annually from 1957 to 1960. The SRB fall chinook migrate a
minimum of 720 Rkm past eight mainstem dams of the Snake and Columbia rivers (Figure 4.4-2). The
mainstem reach presently accessible to spawning adults is 232 Rkm in length (Table 4.4-1). Quality of
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habitat for SRB spawners and juveniles is considered poor to fair relative to habitat used by the other
three index stocks (Table 4.4-1). Hatchery influences have been highly variable ranging from no hatchery
influence (brood years 1964-82) to proportionally large numbers of hatchery fish escaping to spawning
areas (BY 1983-91) (Figure 4.4-3). During the 1964-91 brood years, the harvest of fall chinook in the
Snake River has been virtually non-existent. The fall chinook population was listed as threatened under
the Endangered Species Act (ESA) in May 1992; therefore, Columbia River mainstem harvest
management is currently guided by ESA requirements for SRBs. The brood year age 4 in-river
(freshwater) harvest rates, and cumulative ocean exploitation rates, have both fluctuated around 30% over
the period of this analysis (Figure 4.4-4).

Figure 4.4-1: Location of bright fall chinook salmon index populations: 1. SRB; 2. HYURB; 3. DES; 4. NFL.
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Table 4.4-1: Index populations of wild bright fall chinook salmon in the Columbia and Snake River basins.

Subbasin,
Management designation

Years of
Complete Data

Current #
Dams Passed

Ocean
Distance (km)

Available
Habitat (km)

Habitat
Quality

Snake River above LGR
Snake River Bright (SRB)

1964-96 8 720 232 Poor-fair

Columbia River (Hanford Reach)
Upriver Bright (URB)

1964-96 4 540 79 Good

Deschutes River
Upriver Bright (URB)

1977-96 2 342 167 Fair-good

North Fork Lewis River
Lower River Wild (LRW)

1964-96 0 160 13 Fair-good

Figure 4.4-2: Maximum hydropower dams encountered by fall chinook sub-yearling out-migrants (and
returning adults) from the three stocks above Bonneville Dam.
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Figure 4.4-3: Proportion of natural adult and jack spawners that are composed of hatchery strays, as opposed to
progeny of natural spawners, Brood Year 1964-97.

Figure 4.4-4: In-river harvest rate of age 4 fish by stock and brood year and cumulative ocean impact through
age 4 by stock and brood year, BY 1964-91.
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The HYURB population consists of natural origin adult spawners primarily in the Hanford Reach (the last
free flowing river reach) of the main stem Columbia River between McNary and Priest Rapids dams, but
also includes smaller components like that in the lower Yakima River main stem. The HYURB
population migrates a minimum of 540 Rkm past four mainstem Columbia River dams (Figure 4.4-2;
Table 4.4-1). The mainstem reach accessible to spawners is 79 Rkm in length and has the largest cross
sectional area compared to the spawning areas of the other three index stocks. The Hanford Reach is
presently the primary natural production area for fall chinook in the Columbia River basin. Habitat
quality, relative to that used by the other three index stocks, is considered good. Hatchery influences have
been variable depending on hatchery production levels at Priest Rapids and Ringold hatcheries and
spawning abundance of natural origin adults; an average of 5% of all spawners during 1964-91 BYs were
of hatchery origin (Figure 4.4-3). Currently, the in-river harvest management regulations are mainly
guided by a combination of SRB and URB unit status. The HYURB stock exhibits the highest in-river
harvest rate of the four stocks. High cumulative ocean exploitation rates (to age 4) have dropped steadily
to below 30% since Brood Year (BY) 1985 (Figure 4.4-4), coincident with implementation of the Pacific
Salmon Treaty.

The DES population consists of all adult fall chinook salmon spawning in the mainstem Deschutes River
between its mouth and Pelton Reregulation Dam near Deschutes Rkm 167. The DES fall chinook
population migrate a minimum of 342 Rkm past two mainstem dams of the Columbia River (Figure
4.4-2; Table 4.4-1). Habitat quality in the Deschutes River is considered fair to good (Table 4.4-1).
Spawning habitat exists throughout the river from its mouth to the Pelton Reregulation Dam. No hatchery
programs have been implemented for fall chinook salmon in the Deschutes River, and marked hatchery
fish have seldom been seen in creel surveys or at Sherars Falls trap (Rkm 72). Deschutes fall chinook are
part of the URB harvest management unit and are subjected to the same in-river harvest management
regimes as HYURB stock. Brood year age 4 harvest rates are slightly lower because the DES stock is not
subjected to the entire Zone 6 fishery that the HYURB stock experiences. Ocean exploitation rates are the
assumed to be the same as SRB (see discussion below; Figure 4.4-4).

The NFL population consists of all adult fall chinook salmon spawning downstream of the lower most
dam on the North Fork of the Lewis River (Figure 4.4-1). Salmon migration and a portion of the historical
spawning grounds have been blocked on the North Fork Lewis River above Merwin Dam since 1931
(Figure 4.4-1). The NFL fall chinook population is the only PATH chinook index stock that does not
migrate through the Federal Columbia River Power System (FCRPS). Adults migrate a minimum of 160
km from the ocean to the spawning grounds (Table 4.4-1). Habitat quality is considered to be fair to good
(Table 4.4-1). The number of hatchery origin fish observed on spawning grounds is consistently low
(Figure 4.4-3). The NFL stock is the principle component (>83% on average) of the Columbia River fall
chinook management unit known as Lower River Wild (LRW) — bright stocks originating below
Bonneville Dam. Other LRW stocks (East Fork Lewis River and Cowlitz River bright stocks in
Washington, and Sandy River bright stock in Oregon) are managed as separate stocks within the LRW
unit and are not considered linked to NFL productivity. The NFL cumulative ocean exploitation rate has
steadily dropped off similar to the HYURB (Figure 4.4-4).

Methods

Spawners

For all stocks, spawners are total adult (age 3-6) fish that spawn including both natural and hatchery
origin fish.
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SRB

The abundance of SRB spawners is estimated from the uppermost Lower Snake River adult dam count:
Ice Harbor, 1964-19689; Lower Monumental, 1969; Little Goose, 1970-1974; and Lower Granite, 1975-
1996. Adult returning fish enumerated at the Hells Canyon Dam complex (1964-1972) were subtracted
from the spawner estimates, because we were only assessing the fish that spawn in presently available
habitat. This accounted for recruits that returned from brood years prior to Hells Canyon Dam blocking
migration beginning in 1967. The number of naturally spawned origin fish was estimated from the total
number of spawners and the hatchery fraction (based on expansion of coded wire tag recoveries of adults
trapped at Lower Granite Dam). The estimates of the proportion of hatchery origin SRB fish, at Lower
Granite dam, in the FY 98 report was in error. This error was due to the misidentification of recovery
location for fall chinook CWT recoveries in return years 1986-1990 in the PSMFC CWT recovery data
base and in the Bugert et al. 1990 (Appendix F). The locations were corrected in our analysis based on the
recovery locations recorded in original data records (Washington Department of Fish and Wildlife mark-
recovery coordinator). This misidentification of recovery location for fall chinook CWT recoveries in
return years 1986-1990 overestimated the proportion of hatchery fish at Lower Granite dam in the
previous run reconstruction. In particular, 1988 hatchery proportion was previously estimated at 100%
and is now at 29%. Therefore these updates changed the SRB spawner and recruit estimates from the
previous report. In addition, the dam counts are distinguished between jacks and adults based on a 56cm
length criterion. By applying age structure to total counts, we are able to estimate jack and adult counts at
Lower Granite Dam. This method was necessary because a large number of age 3 SRB fish fall below the
56cm cutoff used by dam counters to distinguish between adults and jacks. The jack and adult estimates
also changed from the previous report, because misidentification of location for fall chinook CWT
recoveries affected the age structure. However, changes to adult spawner estimates due to the revised age
structure were minor and had little effect on the overall pattern of recruits per spawner.

HYURB

The abundance of HYURB spawners is estimated from the McNary to Priest Rapids and Ice Harbor
interdam adult count, less McNary pool adult hatchery escapements and harvest for 1964-1997. We
concluded that the data available for Yakima River escapement was not sufficient for us to accurately
isolate the Hanford Reach component (which would have been preferred).

DES

The DES abundance of spawners above Sherars Falls (RM 43) has been estimated annually since 1977
using Chapman’s modification of the Petersen mark-and-recapture method (Ricker 1975; Jonasson and
Lindsay 1988). Confederated Tribes of the Warm Springs Indians (CTWSI) and Oregon Department of
Fish and Wildlife (ODFW) personnel trap returning salmon at Sherars Falls mark them, and release them
above the falls. Marked fish are recovered through carcass surveys conducted upstream of the falls.

The DES escapement estimate below Sherars Falls is determined by multiplying the above-Sherars
escapement estimate by the ratio of redds below the falls to redds above the falls. Redd counts are
conducted annually by helicopter. Redd counts were not conducted in 1982, 1984, and 1987. For these
years, the population estimate is derived by applying an average ratio (of the previous and post run years)
of redd counts below the falls to redd counts above the falls.

                                                     
9

There is concern that the Ice Harbor fall chinook counts may include a proportion of fish (estimated range is from 10 to 30%)
that stray into the Snake River and do not spawn above Lower Granite dam. However, a sensitvity analysis showed that
assuming even a 30% straying rate had very minor effects on parameter estimates and fits of models to historical spawner-
recruit data (see Appendix B).
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The total number of adult spawners in the Deschutes River is estimated by adding the above-Sherars Falls
to the below-Sherars Falls population estimate and then applying year-specific proportion at age to the
population estimate and subtracting the number of jacks from the total population. Age is determined by
scale analysis, with the exception of run years 1977 and 1984, where an age-length key based on 1978-83
and 1985-96 scale readings is applied against year-specific length frequencies.

NFL

The run year abundance of spawners is estimated from the multiple-survey peak count of all adult fall
chinook carcasses and live fish (bright as well as tule strays), in the 6.4-km index area below Merwin
Dam (Rkm 31.4), for 1964-97. Most natural spawning occurs above the Lewis Hatchery (Rkm 25.3),
though spawners are found downstream to Rkm 18.5 and the lower reaches of some tributaries (e.g. Cedar
Creek). Methods of recovery, counting, and expansion of the index area fish have been consistent since
1964.

Recruits

The recruits produced by each year’s cohort of spawners (brood year) include offspring returning at older
ages during subsequent run years. In other words, the recruits for a given brood year were estimated based
on age composition of returning fish in the 6 following return years. Recruit numbers from fish spawning
in brood year x will include age 3 fish returning in year x + 3, age 4 fish returning in year x + 4, and etc.
for ages 5 and 6. Age composition estimates were typically derived from length frequencies and scales
collected in carcass surveys, and/or CWT recoveries. Natural recruits to the spawning grounds include
any naturally-produced fish that were removed for broodstock, and exclude any hatchery-produced fish.
Recruits include progeny from naturally-produced parents and from naturally-spawning parents of
hatchery origin. The recruits represent the return to the Columbia River mouth along with fish estimated
to be removed by ocean catch and incidental ocean fishery impacts (in other words the recruits are
estimated by expanding the Columbia River mouth recruit estimates by age specific cumulative ocean
exploitation rates see below). The calculation of recruits is described in two stages below: Freshwater
stage and Ocean stage.

Recruits (Freshwater)

For all stocks, adult and jack (age 2 fish) recruits, progeny of the naturally spawning fish, are estimated at
the mouth of the Columbia River.

The Columbia River mouth recruits (freshwater) are estimated as follows:

( ) ( )( )ibyjibyjibyj

byi
byi TribExpMainExpConv
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+++ −−∗
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,,,

,
, 1*1

Re
Re

[Eqn. 4.4-1]
where

j = jack or adult flag
i = age
by = brood year
yr = return year
MainExp = Columbia River mainstem exploitation rate
TribExp = Tributary exploitation rate
UpRecruits = fish of naturally spawned origin
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( ) ibyiibyibyibybyi opAgeHatSpawnTrapFishSpawnerscruitsUp ++++ −+= ,, Pr*Re  [Eqn. 4.4-2]

where

Spawners = total number of spawners
TrapFish = number of natural origin fish removed prior to spawning for artificial production

programs
HatSpawn = number of hatchery fish naturally spawning
AgeProp = the proportion of fish at age for a given return year

Conv = upstream passage conversion rates [Eqn. 4.4-3]

where:

Upstream passage conversion rate calculations are based on comparing mainstem dam fish counts
to estimate losses of salmon during upstream migration. The conversion rate is expressed as an
upstream survival rate. Fall chinook upstream survival rates estimated from PIT tagged adults
(see Section 4.4.4), are similar to estimates from the dam count method. The conversion rate is
calculated separately for jacks and adults as follows:

[ ] [ ] [ ]( )byjbyjbyj
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,,,

.
, −−

=
[Eqn. 4.4-4]

where

Udam = fish count at the upper most dam downstream of the spawning area or
tributary in a given year

Bdam = fish count at Bonneville dam in a given year
TribTurn = number of fish escaping to tributaries and mainstem hatcheries between

Bonneville and the upper most dam in a given year
MainstemHarvest = number of fish caught and removed from the Columbia River mainstem

between Bonneville and the upper most dam in a given year

Recruits (Ocean)

For all stocks, adult and jack recruits, progeny of the naturally spawning fish, are estimated at the mouth
of the Columbia River and include ocean harvest impacts.

The total recruits are estimated by expanding the Columbia River mouth recruit (freshwater) estimates,
from above, by age specific cumulative ocean exploitation rates (see below for definition). The total
recruits, which include ocean harvest impacts (these recruits estimates do not account for natural
mortality in the ocean), are estimated as follows (Deriso 1998):
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 [Eqn 4.4-5]

where

OCNExp = ocean exploitation rate (see below)
i = age
yr = return year
j = the first age fish are vulnerable to ocean fishing

Estimation of Ocean Exploitation Rates

Ocean exploitation rates are estimated from CWT data using the backward cohort method currently used
by the Chinook Technical Committee of the Pacific Salmon Commission (PSC-CTC 1988). The
exploitation rates are estimated from production groups of CWT subyearling fish from: 1) Lyons Ferry
hatchery for SRB stock; 2) Priest Rapids Hatchery and Hanford wild for HYURB stock; 3) North Fork
Lewis River wild for NFL; and 4) Lyons Ferry hatchery for DES. The ocean exploitation rates estimated
for the hatchery stock groups are used as a surrogate for the natural fall chinook stocks, when natural
CWT groups are unavailable (Table 4.4-2).

Table 4.4-2: Availability of CWT stock groups for estimating ocean exploitation rates.

Natural Fall Stock Natural CWT Group Hatchery CWT Group
SRB Lyons Ferry BY 84-89,91
HYURB Hanford wild BY 86-91 Priest Rapids BY 75-91
DES Deschutes BY 77-79 distribution comparison Lyons Ferry BY 84-89,91
NFL North Fork Lewis wild BY 77-79,82-91

The cohort size at any age includes all mortalities which occur in that year plus the number of fish alive at
the end of that fishing year (cohort size at age is increased for natural mortality after fishing mortalities
have been included). The cohort size is first estimated from the total of all the legal catches and
escapement (escapement is adjusted by upstream passage conversion rates for those stocks migrating past
dams). Incidental mortalities are then estimated iteratively from the legal catch cohort size and added
back into the cohort. Incidental mortalities include sublegal-size fish (shaker) mortalities, and mortalities
during chinook non-retention (CNR) fishing seasons. Finally, ocean exploitation rates are calculated as
the total ocean fishing mortality (catch + incidental ocean fishery impacts) divided by the cohort size at
age less natural mortality.

For brood years when no CWT data are available for the stocks, we used two methods to estimate stock-
specific ocean exploitation rates. For brood years 1975 through 1991, when no CWT groups were tagged
for a stock of interest, legal catch for each year is estimated using the CWT catch from the closest
reference year in the time series where CWT data was available. The CWT legal catch for each fishery in
the reference year is adjusted by the ratio of the PSC-CTC fishery index for the reference year to the
fishery index of the missing year, for each age in the brood. The CTC fishery index is the ratio of fishery
specific exploitation rates in the current year to average fishery specific exploitation rates during the base
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period (1979-1982), based on CWT data. The basic cohort and exploitation analysis described above is
then completed using the estimated legal CWT catch data for these years. The ratio of CWT estimated
catch in Columbia River terminal fisheries (all Columbia River net and sport) to the total in-river harvest
rate was used to estimate CWT escapement.

For brood years 1964 through 1974, an historic fishery index was first calculated as the ratio of the catch
per unit effort in each year to the average catch per unit effort during the base period (catch and effort
data were available for the major PSC fisheries and provided by Alaska Department of Fish and Game
and Canadian Department of Fisheries and Oceans). The historic fishery index represents the overall
effect of changing management regimes relative to a base period (landed catch and effort). The catch for
the stock of interest is then estimated by multiplying the average legal catch distribution during the base
period (catch years 1979-82, brood years 1975-78) by the historical fishery index for each year. The basic
cohort and exploitation analysis described above is then completed for these years before CWT data were
available, using historic fishery index adjusted stock catch. Again, the ratio of CWT estimated catch in
Columbia River terminal fisheries (net and sport) to the total in-river harvest rate is used to estimate CWT
escapement. The historic fishery index approach for estimating stock ocean exploitation rates is similar to
the fishery index method used by PSC-CTC (1991).

Wild juvenile Deschutes River fall chinook salmon were only coded-wire tagged in small numbers during
BY 1977-79. Ocean exploitation rates for the SRB fall chinook salmon are used as a surrogate for
Deschutes River fall chinook ocean exploitation rates because no additional CWT information is available
for these fish. Catch distribution of the SRB stock in Pacific Salmon Commission (PSC) ocean fisheries
for BY 1984-90 and 1992 is similar to catch distribution of the Deschutes River stock during BY 1977-
1979. The proportions of 2- and 3-year-old fish caught in major PSC ocean troll fisheries are more similar
between DES and SRB populations than between DES and HYURB or NFL populations. Similarities in
patterns of proportion at age, by brood year, between SRB and DES stocks suggest the stocks have
similar maturation rates. The Deschutes and SRB brood year age proportions are predominantly 4-year
olds, while HYURB and NFL populations are distributed almost equally between both 4- and 5-year old
fish. Populations with similar maturation rates and distribution of catch in ocean fisheries are expected to
experience comparable ocean exploitation rates. Further, genetic analyses yielded evidence that the SRB
and Deschutes populations exhibit similar allele frequencies. These findings have prompted National
Marine Fisheries Service (NMFS) to place these stocks in the Snake River Fall-Run evolutionarily
significant unit (ESU; Myers et al. 1998). Methods used to derive SRB ocean harvest rates are described
above.

Cohort and Exploitation Analysis

Basic steps:

1. calculate initial cohort abundance without incidental mortalities
2. calculate maturation rates at age
3. calculate incidental mortalities (shakers and CNR)
4. re-calculate cohort size
5. expand the cohort size by PSC natural mortality rates (PSC 1988)
6. calculate exploitation rates
7. calculate fishery indices
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where

Cohrt = cohort size at age
Esc = escapement/upstream passage conversion rate
Cat = catch by fishery at age
shakr = shaker mortalities by fishery by age
CNR = Catch non-retention mortalities by fishery by age
SurvRte = (1-natural mortality by age)
f = fishery
j = all ocean fisheries + Columbia River terminal fisheries
i = age
by = brood year

Ocean Exploitation Rate
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where
TotOcnCat = total mortality in all ocean fisheries by age

PSC-CTC Fishery Index
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where

CtcFishInd = Pacific Salmon Commission, Chinook Technical Committee, Fishery Index
ExpRt = fishery specific exploitation rate
yr = catch year
baseavg = base period average (years 1979-82)

Historic Fishery Index
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[Eqn. 4.4-9]
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Where

HistFishIndex = historic fishery index
CPUE = catch per unit of effort
yr = catch year

SRB

Recruits include the uppermost dam counts of natural origin jacks and adults, as well as natural origin fish
trapped and removed from Ice Harbor Dam for hatchery broodstock (1977-1993). Recruits removed at Ice
Harbor Dam are calculated into Lower Granite Dam equivalents (to account for mortalities expected to
occur during upstream passage) by multiplying the number removed at Ice Harbor Dam by the Ice Harbor
to Lower Granite dam conversion rate.

The age structure (used to identify wild recruits) for 1986 through 1996 is the Snake River Bright (SRB)
year-specific proportion at age calculated from Lyons Ferry Hatchery fall chinook CWTs. Prior to 1986,
the recruit age structure is derived by adjusting the Upriver Bright (URB) year-specific proportion at age
(Harlan et al. 1998) by the 1990 - 1997 average URB-SRB age proportion relationship.

Wild recruits above the uppermost Snake River dam are expanded to the mouth of the Columbia River by
upstream passage conversion rates (to account for interdam losses including dam mortality), main stem
exploitation rates, and cumulative ocean exploitation rates (Table 4.4-3).

Upstream passage conversion rates from Bonneville Dam to the uppermost Snake River dam are
calculated by multiplying the Bonneville-McNary rate by the McNary-Ice Harbor rate and the Snake
River rates (Table 4.4-3). Upstream passage conversion rates from 1980-1996 are for bright fall chinook.
Upstream passage conversion rates, prior to the start of the Bonneville Dam Observation (BDO) Program
(i.e. pre-1980), are calculated from the upriver run reported in ODFW and WDFW (Washington
Department of Fish and Wildlife 1998). The McNary-Ice Harbor rate is assumed to equal the per dam
conversion rate for Bonneville-McNary reach. The Snake rate was calculated from a per dam rate based
on Lower Monumental or Little Goose dams as the downriver count. By avoiding Ice Harbor Dam counts,
we avoided the bias that would occur as a result of high fall back rates at Ice Harbor (relative to the fall
back rate at other Snake dams). The adult conversion rates generated by this method are nearly identical
to the conversion rates used in the revised 1996-1998 Biological Assessment of impacts of Columbia
River fisheries on listed Snake River salmon (TAC 1998) and chinook upstream survival rates estimated
from PIT tagged adults (see Section 4.4.4).
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Table 4.4-3: Subbasin exploitation rate and mainstem conversion and exploitation rates to expand natural SRB
escapement to the Snake River area spawning grounds and fisheries, to recruits at the Columbia
River mouth. Ocean exploitation rates used to expand Columbia River mouth recruits to account
for ocean harvest impacts.

Subbasin Mainstem (Columbia & Snake rivers)
Exploitation Rate Conversion Rate Exploitation Rate

Ocean Exploitation Rate
by ageRun

Year Jack Adult Jack Adult Jack Adult 2 3 4 5 6
1964 0.000 0.033 1.000 0.380 0.285 0.382
1965 0.000 0.034 1.000 0.712 0.176 0.519
1966 0.000 0.039 1.000 0.785 0.076 0.397 0.044
1967 0.000 0.041 1.000 0.797 0.104 0.499 0.038 0.219
1968 0.000 0.044 0.658 0.693 0.050 0.358 0.030 0.181 0.447
1969 0.000 0.051 0.210 0.628 0.065 0.447 0.029 0.141 0.371 0.514
1970 0.000 0.039 0.262 0.229 0.139 0.472 0.025 0.120 0.210 0.267 0.514
1971 0.000 0.014 0.125 0.206 0.049 0.478 0.025 0.140 0.291 0.345 0.267
1972 0.000 0.096 0.046 0.193 0.056 0.575 0.020 0.136 0.299 0.391 0.345
1973 0.000 0.038 0.080 0.332 0.091 0.530 0.021 0.101 0.279 0.408 0.391
1974 0.000 0.012 0.080 0.107 0.017 0.477 0.014 0.111 0.164 0.205 0.408
1975 0.000 0.006 0.887 0.368 0.134 0.577 0.027 0.100 0.230 0.329 0.205
1976 0.000 0.018 0.649 0.120 0.067 0.489 0.028 0.147 0.160 0.181 0.329
1977 0.000 0.006 0.595 0.395 0.042 0.480 0.019 0.180 0.317 0.360 0.181
1978 0.000 0.000 0.228 0.373 0.034 0.434 0.015 0.073 0.319 0.402 0.360
1979 0.000 0.000 0.370 0.318 0.021 0.415 0.016 0.082 0.151 0.342 0.402
1980 0.000 0.002 0.315 0.290 0.016 0.161 0.014 0.085 0.115 0.107 0.342
1981 0.000 0.008 0.214 0.212 0.010 0.224 0.014 0.059 0.113 0.163 0.107
1982 0.000 0.000 0.347 0.267 0.012 0.139 0.016 0.107 0.085 0.068 0.163
1983 0.000 0.000 0.420 0.407 0.011 0.226 0.023 0.147 0.202 0.215 0.068
1984 0.000 0.000 0.434 0.879 0.024 0.384 0.025 0.147 0.310 0.357 0.215
1985 0.000 0.000 0.734 0.579 0.067 0.397 0.025 0.105 0.223 0.303 0.357
1986 0.000 0.000 0.537 0.379 0.055 0.469 0.015 0.106 0.170 0.169 0.303
1987 0.000 0.000 0.263 0.364 0.037 0.560 0.037 0.156 0.140 0.159 0.169
1988 0.000 0.000 0.738 0.331 0.046 0.524 0.027 0.060 0.288 0.172 0.159
1989 0.000 0.000 0.566 0.372 0.026 0.432 0.038 0.151 0.233 0.227 0.172
1990 0.000 0.000 0.129 0.370 0.028 0.452 0.042 0.059 0.271 0.252 0.227
1991 0.000 0.000 0.691 0.240 0.044 0.276 0.026 0.051 0.138 0.212 0.252
1992 0.000 0.000 0.220 0.503 0.051 0.166 0.020 0.095 0.242 0.204 0.212
1993 0.000 0.000 0.571 0.583 0.050 0.254 0.006 0.079 0.244 0.204 0.204
1994 0.000 0.000 0.879 0.605 0.033 0.155 0.015 0.014 0.229 0.204 0.204
1995 0.000 0.000 0.387 0.323 0.025 0.115 0.016 0.047 0.074 0.169 0.204
1996 0.000 0.000 0.570 0.372 0.039 0.171 0.046 0.000 0.158 0.169

Mean 0.000 0.015 0.491 0.416 0.060 0.383 0.024 0.108 0.218 0.253 0.257
Min 0.000 0.000 0.046 0.107 0.010 0.115 0.006 0.014 0.000 0.068 0.068
Max 0.000 0.096 1.000 0.879 0.285 0.577 0.044 0.219 0.447 0.514 0.514

During run years 1986 through 1997, mainstem exploitation rates for SRB’s are reported by TAC (1998).
For the years prior to 1986, the average 1986 through 1992 SRB/URB exploitation rate ratio was used to
adjust the HYURB mainstem exploitation rates (Table 4.4-4) to derive a SRB mainstem exploitation rate.
The 1986 through 1992 years reflect pre-Endangered Species Act harvest management regimes.
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Table 4.4-4: Subbasin exploitation rate and mainstem conversion and exploitation rates used to expand natural
HYURB escapement to the Hanford Reach and Yakima River area spawning grounds and
fisheries, to recruits at the Columbia River mouth. Ocean exploitation rates used to expand
Columbia River mouth recruits to account for ocean harvest impacts.

Subbasin Mainstem (Columbia River)
Exploitation Rate Conversion Rate Exploitation Rate

Ocean Exploitation Rate
by ageRun

Year Jack Adult Jack Adult Jack Adult 2 3 4 5 6
1964 0.000 0.000 1.000 0.527 0.359 0.482
1965 0.000 0.000 1.000 0.802 0.222 0.654
1966 0.000 0.000 1.000 0.856 0.096 0.500 0.054
1967 0.000 0.000 0.964 0.865 0.131 0.628 0.049 0.193
1968 0.000 0.000 0.705 0.763 0.063 0.451 0.042 0.178 0.546
1969 0.000 0.000 0.379 0.760 0.082 0.564 0.046 0.168 0.485 0.760
1970 0.000 0.000 0.413 0.425 0.175 0.594 0.044 0.148 0.385 0.652 0.760
1971 0.000 0.000 0.456 0.657 0.062 0.602 0.057 0.213 0.545 0.808 0.652
1972 0.000 0.000 0.294 1.000 0.070 0.725 0.052 0.205 0.569 0.814 0.808
1973 0.000 0.000 0.471 0.812 0.115 0.667 0.049 0.187 0.524 0.774 0.814
1974 0.000 0.000 0.499 0.651 0.022 0.601 0.048 0.172 0.487 0.747 0.774
1975 0.000 0.000 0.838 0.772 0.168 0.727 0.059 0.200 0.481 0.725 0.747
1976 0.000 0.000 0.725 0.460 0.085 0.616 0.050 0.196 0.419 0.642 0.725
1977 0.000 0.000 0.689 0.803 0.053 0.604 0.040 0.162 0.420 0.682 0.642
1978 0.000 0.000 0.333 0.495 0.042 0.546 0.041 0.138 0.411 0.653 0.682
1979 0.000 0.000 0.482 0.560 0.026 0.523 0.069 0.142 0.385 0.584 0.653
1980 0.000 0.000 0.468 0.536 0.019 0.203 0.045 0.191 0.345 0.389 0.584
1981 0.000 0.000 0.306 0.514 0.013 0.282 0.027 0.048 0.371 0.390 0.389
1982 0.000 0.000 0.451 0.515 0.015 0.175 0.033 0.109 0.181 0.234 0.390
1983 0.000 0.000 0.526 0.821 0.014 0.285 0.041 0.096 0.348 0.291 0.234
1984 0.105 0.033 0.539 0.933 0.031 0.484 0.028 0.092 0.424 0.509 0.291
1985 0.150 0.082 0.770 1.000 0.084 0.500 0.039 0.092 0.362 0.447 0.509
1986 0.110 0.038 0.706 1.000 0.066 0.607 0.032 0.126 0.248 0.283 0.447
1987 0.045 0.048 0.696 0.883 0.037 0.604 0.058 0.149 0.333 0.459 0.283
1988 0.080 0.059 0.782 1.000 0.055 0.688 0.054 0.081 0.265 0.400 0.459
1989 0.025 0.064 0.629 0.864 0.034 0.648 0.044 0.070 0.170 0.444 0.400
1990 0.054 0.085 0.651 0.810 0.032 0.598 0.034 0.045 0.125 0.312 0.444
1991 0.064 0.110 0.733 0.751 0.065 0.454 0.023 0.042 0.080 0.274 0.312
1992 0.079 0.057 0.725 0.834 0.080 0.335 0.018 0.040 0.099 0.553 0.274
1993 0.061 0.056 0.725 0.777 0.055 0.335 0.033 0.036 0.129 0.390 0.553
1994 0.075 0.083 0.827 0.802 0.038 0.195 0.015 0.106 0.092 0.310 0.390
1995 0.065 0.083 0.692 0.793 0.040 0.216 0.005 0.011 0.000 0.237 0.310
1996 0.087 0.108 0.616 0.696 0.061 0.310 0.070 0.070 0.104 0.237

Mean 0.030 0.027 0.639 0.750 0.076 0.497 0.041 0.123 0.321 0.495 0.510
Min 0.000 0.000 0.294 0.425 0.013 0.175 0.005 0.011 0.000 0.104 0.234
Max 0.150 0.110 1.000 1.000 0.359 0.727 0.069 0.213 0.569 0.814 0.814
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HYURB

Recruits to the spawning ground are the natural origin HYURB spawners. Natural origin (wild) spawners
are estimated by subtracting hatchery origin fish that spawn naturally from total number of spawners. The
post 1979 hatchery origin spawners were calculated by expanding observed CWT marks on the spawning
grounds by sampling and mark rates. In years prior to 1980, only Priest Rapids and Ringold Springs
hatcheries had the potential to contribute any significant straying to the spawning grounds. An average
spawning ground to hatchery return mark ratio was applied to pre-1980 hatchery returns in order to
estimate hatchery contribution to the spawner estimates. The age structure used to identify HYURB wild
recruits on spawning grounds is the Upriver Bright (URB) year-specific proportion at age for return years
1964-1997 (Harlan et al. 1998).

Wild recruits on the spawning grounds are expanded to the mouth of the Columbia River by conversion
rates (to account for interdam losses including dam mortality) and tributary (subbasin) and mainstem
exploitation rates, and cumulative ocean exploitation rates (Table 4.4-4). Conversion rates from
Bonneville to McNary dams are calculated by dividing McNary Dam count by Bonneville Dam count,
less hatchery and tributary escapements and sport and treaty harvests. Conversion rates from 1980-1996
are for bright fall chinook. Conversion rates prior to the Bonneville Dam Observation program are for the
upriver run reported in ODFW and WDFW (1998).

The run year specific jack and adult subbasin exploitation rates for HYURB fall chinook are the
significant sport fishery developed on the Hanford Reach, and occasional miscellaneous Tribal fisheries
in the McNary pool. The run year specific jack and adult mainstem exploitation rates are the sum of lower
river harvest and Zone 6 harvest divided by the sum of lower river catch and Bonneville Dam ladder
counts. Prior to 1980, the mainstem exploitation rates are for the upriver run reported in ODFW and
WDFW (1998).

DES

DES recruits include jacks and adults on the spawning grounds. These recruits are expanded by inriver
harvest rates to calculate recruits to the Deschutes River mouth. Deschutes River harvest is estimated by
creel censuses of the Indian ceremonial and subsistence fishery at Sherars Falls and the recreational
fishery between Sherars Falls and the Deschutes River mouth conducted by CTWSI and ODFW. The
number of jacks and adults in the creel is estimated based on length: Jacks are less than 54 cm in length
and adults are greater than or equal to 54 cm in length. Annual variations in the number of small fish
(< 54 cm) that are actually adults occur in the Deschutes stock. Therefore, in this analysis creel estimates
based on length are adjusted using age data, based on scale analysis, to account for small fish that are
actually adults.

Recruits by brood year are determined by applying year-specific proportion at age to the population
estimates described above. Wild recruits on the spawning grounds are expanded to the mouth of the
Columbia River by conversion rates (to account for interdam losses including dam mortality) and
tributary (subbasin) and mainstem exploitation rates, and cumulative ocean exploitation rates (Table
4.4-5). The conversion rate for Deschutes River fish is defined for this run reconstruction to be the rate for
a single lower Columbia interdam reach (Bonneville to The Dalles; Table 4.4-5). This rate is the cubed
root of the Bonneville to McNary Dam conversion rate.
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Table 4.4-5: Subbasin exploitation rate and mainstem conversion and exploitation rates used to expand DES
natural escapement to the Deschutes River area spawning grounds and fisheries, to recruits at the
Columbia River mouth. Ocean exploitation rates used to expand Columbia River mouth recruits to
account for ocean harvest impacts (LYF ocean exploitation rates used as a surrogate for DES
stock).

Subbasin Mainstem (partial Columbia River)
Exploitation Rate Conversion Rate Exploitation Rate

Ocean Exploitation Rate (SRB stock)
by ageRun

Year Jack Adult Jack Adult Jack Adult 2 3 4 5 6
1977 0.445 0.245 0.883 0.930 0.044 0.396 0.019 0.180 0.317 0.360 0.181
1978 0.456 0.342 0.693 0.791 0.038 0.421 0.015 0.073 0.319 0.402 0.360
1979 0.394 0.308 0.784 0.824 0.028 0.426 0.016 0.082 0.151 0.342 0.402
1980 0.416 0.423 0.777 0.812 0.020 0.099 0.014 0.085 0.115 0.107 0.342
1981 0.370 0.319 0.674 0.801 0.015 0.109 0.014 0.059 0.113 0.163 0.107
1982 0.436 0.289 0.767 0.802 0.018 0.080 0.016 0.107 0.085 0.068 0.163
1983 0.489 0.272 0.807 0.936 0.015 0.180 0.023 0.147 0.202 0.215 0.068
1984 0.435 0.291 0.814 0.977 0.026 0.292 0.025 0.147 0.310 0.357 0.215
1985 0.731 0.179 0.917 1.000 0.067 0.300 0.025 0.105 0.223 0.303 0.357
1986 0.509 0.176 0.891 1.000 0.053 0.365 0.015 0.106 0.170 0.169 0.303
1987 0.104 0.252 0.886 0.959 0.036 0.424 0.037 0.156 0.140 0.159 0.169
1988 0.614 0.244 0.921 1.000 0.046 0.497 0.027 0.060 0.288 0.172 0.159
1989 0.481 0.306 0.857 0.952 0.027 0.416 0.038 0.151 0.233 0.227 0.172
1990 0.416 0.295 0.867 0.932 0.021 0.335 0.042 0.059 0.271 0.252 0.227
1991 0.108 0.040 0.902 0.909 0.050 0.242 0.026 0.051 0.138 0.212 0.252
1992 0.004 0.011 0.898 0.941 0.065 0.203 0.020 0.095 0.242 0.204 0.212
1993 0.000 0.002 0.898 0.919 0.038 0.198 0.006 0.079 0.244 0.204 0.204
1994 0.002 0.011 0.939 0.929 0.025 0.114 0.015 0.014 0.229 0.204 0.204
1995 0.004 0.005 0.885 0.925 0.034 0.118 0.016 0.047 0.074 0.169 0.204
1996 0.008 0.010 0.851 0.886 0.046 0.182 0.046 0.000 0.158 0.169

Mean 0.321 0.201 0.845 0.911 0.035 0.270 0.022 0.092 0.193 0.222 0.224
Min 0.000 0.002 0.674 0.791 0.015 0.080 0.006 0.014 0.000 0.068 0.068
Max 0.731 0.423 0.939 1.000 0.067 0.497 0.042 0.180 0.319 0.402 0.402

Harvest rates in both the sport and Treaty fisheries above Bonneville Dam are derived by adjusting
Bonneville to McNary (Zone 6) combined commercial and sport harvest rates of bright fall chinook
(1980-96) and the upriver run (1977-79) to estimate the rate at which Deschutes River fish are intercepted
by Zone 6 commercial gear. Deschutes River fall chinook are not subjected to the same degree of fishing
effort as HYURBs, because they do not migrate through the entire Zone 6 fishery (Figure 4.4-1).
Therefore, the Deschutes River fall chinook harvest rate in the Columbia River is calculated by adjusting
the HYURB harvest rates by the proportion of Zone 6 effort that occurs downstream of the mouth of the
Deschutes River based on aerial counts of nets conducted annually.

NFL

Hawkins (1998) provides age specific spawning ground escapement estimates for 1964-97. Hatchery
strays are subtracted from the total spawners to obtain an estimate of the wild component of the spawning
population. Strays are reported in numerous WDFW Columbia River progress reports and memoranda.
The strays are estimated by expanding CWT recoveries in the North Fork Lewis by the sampling and
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mark rates. Four hatcheries consistently represented the majority of strays to the North Fork Lewis River
index area during the 1979-1997 return years (when the CWT recovery program was in place). These four
WDFW hatcheries were: Lewis Hatchery Complex (Lewis Hatchery and Speelyai Hatchery); Washougal
Hatchery; Cowlitz Salmon Hatchery; and the Kalama Hatchery Complex (Fallert Creek [a.k.a., Lower
Kalama] Hatchery, and Kalama Falls Hatchery). CWT recoveries in the North Fork Lewis originating
from a particular hatchery were compared with the CWT recoveries at that respective hatchery to derive a
ratio to account for strays prior to the availability of CWT data.

Wild recruits to the spawning ground are expanded to the mouth of the Columbia River by the North Fork
Lewis River tributary (sport) exploitation rates, the Columbia River main stem (sport and commercial)
exploitation rates for LRW fish, and the cumulative ocean exploitation rates (Table 4.4-6). Prior to 1980,
the exploitation rates are determined from catch and run size data for Lower Columbia River fall chinook
(ODFW and WDFW 1998). For 1964-68, average sport exploitation rates were assumed. No applications
of upstream passage conversion rates are required to obtain the recruits to the Columbia River mouth
because the stock is located below Bonneville Dam.
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Table 4.4-6: Subbasin and mainstem exploitation rates used to expand NFL natural escapement to the North
Fork Lewis River area spawning grounds to recruits at the Columbia River mouth. Ocean
exploitation rates used to expand Columbia River mouth recruits to account for ocean harvest
impacts.

Subbasin Mainstem (L. Columbia)
Exploitation Rate Exploitation Rate

Ocean Exploitation Rate
by ageRun

Year Jack Adult Jack Adult 2 3 4 5 6
1964 0.058 0.009 0.143 0.410
1965 0.058 0.009 0.571 0.502
1966 0.058 0.009 0.221 0.369 0.051
1967 0.058 0.009 0.627 0.395 0.053 0.146
1968 0.058 0.009 0.466 0.666 0.051 0.152 0.494
1969 0.012 0.012 0.381 0.520 0.051 0.170 0.480 0.340
1970 0.060 0.010 0.251 0.539 0.044 0.128 0.491 0.310 0.340
1971 0.124 0.009 0.362 0.476 0.050 0.150 0.472 0.516 0.310
1972 0.054 0.013 0.326 0.260 0.045 0.138 0.415 0.221 0.516
1973 0.042 0.005 0.439 0.605 0.049 0.148 0.444 0.311 0.221
1974 0.065 0.007 0.233 0.286 0.053 0.159 0.427 0.265 0.311
1975 0.048 0.005 0.420 0.378 0.068 0.189 0.500 0.287 0.265
1976 0.073 0.004 0.555 0.492 0.066 0.199 0.535 0.301 0.287
1977 0.080 0.005 0.527 0.482 0.060 0.174 0.496 0.336 0.301
1978 0.057 0.005 0.428 0.377 0.045 0.144 0.426 0.263 0.336
1979 0.031 0.003 0.548 0.431 0.058 0.109 0.367 0.229 0.263
1980 0.009 0.031 0.414 0.478 0.042 0.107 0.255 0.173 0.229
1981 0.207 0.044 0.180 0.056 0.027 0.094 0.251 0.100 0.173
1982 0.144 0.070 0.448 0.101 0.017 0.128 0.304 0.232 0.100
1983 0.276 0.077 0.185 0.048 0.010 0.093 0.276 0.306 0.232
1984 0.386 0.098 0.202 0.250 0.011 0.088 0.315 0.220 0.306
1985 0.323 0.076 0.161 0.295 0.011 0.076 0.136 0.179 0.220
1986 0.232 0.061 0.207 0.437 0.012 0.072 0.142 0.216 0.179
1987 0.123 0.045 0.164 0.487 0.019 0.034 0.239 0.237 0.216
1988 0.130 0.041 0.143 0.505 0.021 0.057 0.140 0.240 0.237
1989 0.167 0.078 0.197 0.223 0.022 0.057 0.135 0.192 0.240
1990 0.207 0.059 0.000 0.103 0.037 0.073 0.174 0.302 0.192
1991 0.227 0.081 0.046 0.350 0.020 0.056 0.160 0.191 0.302
1992 0.448 0.136 0.081 0.232 0.015 0.010 0.120 0.211 0.191
1993 0.437 0.170 0.100 0.163 0.014 0.028 0.096 0.231 0.211
1994 0.228 0.073 0.016 0.033 0.003 0.017 0.073 0.204 0.231
1995 0.349 0.195 0.253 0.057 0.000 0.006 0.137 0.159 0.204
1996 0.106 0.007 0.000 0.034 0.003 0.003 0.054 0.143 0.159

Mean 0.150 0.044 0.282 0.334 0.033 0.100 0.295 0.247 0.251
Min 0.009 0.003 0.000 0.033 0.000 0.003 0.054 0.100 0.100
Max 0.448 0.195 0.627 0.666 0.068 0.199 0.535 0.516 0.516
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Stock Recruitment Analysis

Productivity and survival rate indices were estimated for different periods and fall chinook stocks
throughout the Columbia River Basin. The stock-recruitment analysis is used to develop indices of
productivity and survival rates. In this section the stock recruitment results are used to assess past stock
performance, and not used to predict future stock status. Productivity, for a specified time period, is
defined as the natural log of the ratio of recruits to spawners in the absence of density dependent mortality
(Neave 1953). Productivity is measured here as the intercept, or “a” value, from Ricker (1975):

 R e Sea S= −β [Eqn. 4.4-10]

where:

R is recruits and S is Spawners.

The a and β parameters were estimated by the log transformation:

 ln( / )R S a S= −β [Eqn. 4.4-11]

Relative survival rate indices were expressed as the natural log of the ratio of observed R/S to the
predicted R/S from a Ricker recruitment function fit to all brood years. These indices provide a time
series of density-independent survival rate estimates.

The Ricker production function were fit to spawner and recruit data for different time periods, and the
parameter estimates were compared between time periods, and within and among stocks from different
regions of the Columbia River Basin. The Ricker equation was fit to three time periods: pre-1974 brood
years (pre lower Snake River Dam completion); post-1975 brood years (post lower Snake River Dam
completion); and all available brood years. While the pre-1975 and post-1974 periods corresponds to the
hydro hypotheses on spring/summer chinook (and also reflect a 1976 climate regime shift hypothesis),
other meaningful periods could have been chosen. Parameter estimates of the Ricker function (“a” and β)
were compared to characterize index stock productivity.

Preliminary Results

Within Stock

SRB

Total spawner abundance ranged from 273 to 17,556 adults and averaged 2,963 adults, and natural
spawner abundance ranged form 63 to 17,556 and averaged 2,876 for the period 1964-91 (Table 4.4-7).
However, since the mid-1980s the SRB total spawners averaged 769 adults and the natural spawners
averaged only 469 adults (Table 4.4-7). We only presented total and natural spawners for the SRB stock,
because the other fall chinook stocks had little to no hatchery influence (Figure 4.4-3). The trend in
spawners has exhibited a significant decline since the late 1960s (Figure 4.4-5). The total recruitment to
the Columbia River mouth including ocean harvest, ranged from 717 to 71,436 and averaged 17,886
(Table 4.4-7). The natural log of recruits divided by spawners, ln(R/S) using recruits harvested in ocean
fisheries ranged from -0.066 to 2.961 and averaged 1.823 (Figure 4.4-6). The fit of ln(R/S) vs. spawners
yields an intercept (Ricker a) 1.916 including ocean harvest impacts (Tables 4.4-8). The slope (Ricker β)



PATH Decision Analysis Report for Snake River Fall Chinook

78 ESSA Technologies Ltd.

value is 0.00003 (Tables 4.4-8). Estimates of spawner abundance in early years had little effect on
estimated productivity and survival indices (Olaf Langness, pers. comm.).

Table 4.4-7: Run reconstruction for Snake River fall chinook. The recruits include cumulative ocean harvest
impacts. Recruits are the number of adults of each age produced by the spawners in a particular
brood year. For example, the 7648 spawners in 1964 produced 2595 age two recruits that returned
in 1966, 12,097 age three recruits that returned in 1967, etc.

Stock BY Sadult Natural Sadult R2 R3 R4 R5 R6 Radult Rtotal Robs/S Ln(R/S)
SRB 1964 7648 7648 2595 12097 20319 229 0 32645 35240 4.608 1.528
SRB 1965 6339 6339 7943 41467 10867 2194 0 54527 62471 9.855 2.288
SRB 1966 8623 8623 9259 10429 13564 1077 0 25070 34329 3.981 1.382
SRB 1967 10414 10414 13886 32380 24376 794 0 57550 71436 6.859 1.926
SRB 1968 17556 17556 7814 27833 12648 386 0 40867 48681 2.773 1.020
SRB 1969 4649 4649 16756 12837 4752 784 0 18373 35129 7.556 2.022
SRB 1970 4353 4353 19113 13137 10139 974 0 24250 43363 9.962 2.299
SRB 1971 4091 4091 12292 4907 4710 791 0 10408 22699 5.549 1.714
SRB 1972 1371 1371 7832 6014 3254 291 0 9559 17390 12.683 2.540
SRB 1973 2194 2194 1077 10337 3629 673 0 14640 15716 7.164 1.969
SRB 1974 668 668 1014 4831 5913 1152 0 11896 12910 19.323 2.961
SRB 1975 1387 1387 1578 2512 5438 976 115 9042 10619 7.654 2.035
SRB 1976 691 691 2986 1549 1674 792 19 4034 7019 10.165 2.319
SRB 1977 1011 1011 1789 1386 5615 468 0 7469 9259 9.160 2.215
SRB 1978 841 841 863 1864 1966 189 63 4082 4946 5.879 1.771
SRB 1979 802 802 4088 5249 2121 183 16 7569 11657 14.528 2.676
SRB 1980 515 515 2997 2413 1569 690 149 4820 7817 15.184 2.720
SRB 1981 878 878 1394 1165 1634 452 102 3352 4746 5.405 1.687
SRB 1982 1209 1209 1405 2241 3022 628 205 6095 7500 6.202 1.825
SRB 1983 909 842 1357 3500 2753 1039 74 7367 8723 9.594 2.261
SRB 1984 717 552 1697 2670 4659 646 47 8024 9721 13.558 2.607
SRB 1985 1080 885 459 1234 1986 961 180 4362 4821 4.465 1.496
SRB 1986 1403 1067 252 1504 1630 1573 12 4719 4971 3.542 1.265
SRB 1987 1064 462 161 558 1302 143 7 2010 2171 2.041 0.713
SRB 1988 702 495 313 1202 1119 1057 56 3434 3748 5.340 1.675
SRB 1989 815 418 208 530 1171 122 0 1823 2031 2.491 0.913
SRB 1990 273 63 301 259 329 69 17 674 975 3.571 1.273
SRB 1991 767 509 151 278 177 111 566 717 0.936 -0.066
SRB 1992 674 559
SRB 1993 883 695
SRB 1994 448 303
SRB 1995 226 129
SRB 1996 964 629
SRB 1997 1007 300

BY64-91 Ave 2963 2876 4342 7371 5441 694 39 13544 17886 7.501 1.823
BY64-91 Min 273 63 151 259 177 69 0 566 717 0.936 -0.066
BY64-91 Max 17556 17556 19113 41467 24376 2194 205 57550 71436 19.323 2.961

1 – 1997 data are preliminary estimates



PATH Decision Analysis Report for Snake River Fall Chinook

79 ESSA Technologies Ltd.

Table 4.4-8: Ricker spawner-recruit function parameters, fits, predicted spawners at key recruitment levels.
Note, function fit to recruits with ocean harvest impacts.

Pre 1975 (BY 64-74) Post 1974 (BY 75-91) All Years (BY 64-91)
Statistic

Period
Stock NFL DES HYURB SRB NFL DES HYURB SRB NFL DES HYURB SRB

a 2.148 n/a 3.365 2.530 2.696 2.843 2.654 1.964 2.479 2.843 2.960 1.916
Coeff. of Variation 17.8% n/a 26.5% 6.9% 12.7% 15.9% 15.9% 31.4% 11.8% 15.9% 9.0% 8.4%
� = ea 8.564 n/a 28.947 12.551 14.813 17.161 14.210 7.129 11.935 17.161 19.290 6.792

b 0.00008 n/a 0.00004 0.00009 0.00017 0.00037 0.00002 0.00027 0.00014 0.00037 0.00003 0.00003
Coeff. of Variation 42.2% n/a 94.2% 24.9% 16.0% 24.7% 31.2% 249.6% 17.7% 24.7% 20.6% 105.3%
Prob.(b < 0) 0.0209 n/a 0.1582 0.0015 0.0000 0.0007 0.0029 0.3472 0.0000 0.0007 0.0000 0.1755

Smsy 9,844 n/a 25,026 8,977 4,890 2,302 35,118 2,678 5,967 2,302 31,602 22,317
Smsp 13,108 n/a 28,122 10,989 5,827 2,691 42,112 3,761 7,372 2,691 36,464 31,838
Srep 28,152 n/a 94,644 27,799 15,707 7,649 111,761 7,387 18,279 7,649 107,919 60,992
r2 0.38 n/a 0.11 0.64 0.72 0.56 0.41 0.01 0.55 0.56 0.48 0.03
# observations 11 0 11 11 17 15 17 17 28 15 28 28
Spawner Range:

minimum obsv. 4,130 n/a 19,327 668 3,371 2,320 14,213 226 3,371 2,320 14,213 226
mean obsv. 10,680 n/a 26,202 6,173 11,442 4,683 49,209 830 11,143 4,683 40,171 2,611
maximum obsv. 19,926 n/a 36,343 17,555 21,199 7,903 105,347 1,403 21,199 7,903 105,347 17,555
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Figure 4.4-5: Spawner abundance of four fall chinook stocks, BY 1964-91. Trend line is represented by the
dashed line.
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Figure 4.4-6: Productivity versus spawners for Snake River fall chinook (BY 1964-1991). Recruits includes
cumulative ocean impacts.

HYURB

Spawner abundance ranged from 14,213 to 105,347 adults and averaged 40,171 for the period 1964-91
(Table 4.4-9). HYURB spawner abundance has exhibited a significant increasing trend for the time series
(Figure 4.4-5). Total recruitment including ocean harvest ranged from 38,067 to 956,878 and averaged
282,685 (Table 4.4-9). The natural log of recruits divided by spawners, ln(R/S) using recruits harvested in
ocean fisheries ranged from -0.041 to 3.359 and averaged 1.858 (Figure 4.4-7). A fit of ln(R/S) vs.
spawners yields a Ricker “a” of 2.96 including ocean harvest impacts (Tables 4.4-8). The Ricker “beta”
value is 0.00003 (Tables 4.4-8).
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Table 4.4-9: Run reconstruction for Hanford Reach/Yakima River upriver bright fall chinook. The recruits
include cumulative ocean harvest impacts.

Stock BY Sadult R2 R3 R4 R5 R6 Radult Rtotal Robs/S Ln(R/S)
HYURB 1964 22703 10763 17513 59544 12223 0 89280 100043 4.407 1.483
HYURB 1965 26668 15010 44914 119584 60173 0 224670 239681 8.988 2.196
HYURB 1966 29724 13143 44392 92326 43371 0 180088 193231 6.501 1.872
HYURB 1967 24638 45720 66291 141592 53869 0 261752 307471 12.480 2.524
HYURB 1968 24035 24786 48195 122057 68632 0 238885 263670 10.970 2.395
HYURB 1969 28937 19020 33688 127808 105812 0 267309 286328 9.895 2.292
HYURB 1970 20511 34099 103499 195157 257375 0 556032 590130 28.771 3.359
HYURB 1971 26393 38105 24531 189054 219932 0 433517 471622 17.870 2.883
HYURB 1972 19327 41534 75064 170666 73927 0 319656 361190 18.689 2.928
HYURB 1973 36343 25922 154435 145947 71908 0 372290 398212 10.957 2.394
HYURB 1974 28940 53291 65896 135570 78823 0 280289 333580 11.526 2.445
HYURB 1975 34628 52384 23924 127382 63229 1218 215752 268136 7.743 2.047
HYURB 1976 39987 39951 11477 34599 22220 335 68630 108581 2.715 0.999
HYURB 1977 40745 28539 8939 50979 19370 0 79288 107827 2.646 0.973
HYURB 1978 21644 14097 4211 25922 9272 3061 42466 56563 2.613 0.961
HYURB 1979 24840 28023 26848 61409 46673 1073 136003 164027 6.603 1.888
HYURB 1980 21224 40623 17400 108258 128930 9474 264063 304686 14.356 2.664
HYURB 1981 14213 43294 30215 102929 82474 6524 222142 265436 18.675 2.927
HYURB 1982 22598 75565 54181 142643 167796 18720 383340 458905 20.307 3.011
HYURB 1983 37038 94407 83136 232648 222884 13963 552631 647038 17.470 2.860
HYURB 1984 48149 113468 79132 293205 436790 34283 843410 956878 19.873 2.989
HYURB 1985 71732 29205 29094 78826 125482 11701 245103 274308 3.824 1.341
HYURB 1986 100626 22243 29125 85270 100551 2341 217286 239529 2.380 0.867
HYURB 1987 105347 15441 8923 26107 48397 2218 85646 101086 0.960 -0.041
HYURB 1988 96329 18722 9496 32235 35324 614 77669 96391 1.001 0.001
HYURB 1989 72022 21752 13830 50762 61993 2946 129532 151284 2.101 0.742
HYURB 1990 47856 20120 9386 45968 54777 1021 111151 131271 2.743 1.009
HYURB 1991 37580 7712 9508 10895 9951 30355 38067 1.013 0.013
HYURB 1992 34371
HYURB 1993 35322
HYURB 1994 54373
HYURB 1995 39936
HYURB 1996 38443
HYURB 1997 37685

BY64-91 Ave 40171 35248 40259 107477 95791 4055 247437 282685 9.574 1.858
BY64-91 Min 14213 7712 4211 10895 9272 0 30355 38067 0.960 -0.041
BY64-91 Max 105347 113468 154435 293205 436790 34283 843410 956878 28.771 3.359

 1 – 1997 data are preliminary estimates
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Figure 4.4-7: Productivity versus spawners for Hanford Reach/Yakima River fall chinook (BY 1964-1991).
Recruits include ocean harvest impacts).

DES

Spawner abundance ranged from 2,320 to 7,903 adults and averaged 4,683 for the period 1977-91 (Table
4.4-10). DES spawner abundance has not exhibited a significant trend over the period 1977-91 (Figure
4.4-5). Total recruitment to the Columbia River mouth including ocean harvest ranged from 4,125 to
56,348 and averaged 15,810 (Table 4.4-10). The natural log of recruits divided by spawners, ln(R/S),
using recruits harvested in ocean fisheries ranged from -0.420 to 3.042 and averaged 1.102 (Figure 4.4-8).
A fit of ln(R/S) vs. spawners yields a Ricker “a” of 2.84 including ocean harvest impacts (Table 4.4-8).
The Ricker “beta” value is 0.00037 (Tables 4.4-8).
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Table 4.4-10: Run reconstruction for Deschutes River fall chinook. The recruits include cumulative ocean
harvest impacts.

Stock BY Sadult R2 R3 R4 R5 R6 Radult Rtotal Robs/S Ln(R/S)
DES 1977 6414 6542 3863 6273 963 0 11099 17641 2.750 1.012
DES 1978 4099 4518 4366 5618 1671 0 11654 16172 3.945 1.372
DES 1979 3728 3855 4969 5580 1427 0 11976 15831 4.247 1.446
DES 1980 2788 4395 2862 4735 3498 0 11095 15490 5.556 1.715
DES 1981 4704 1632 2498 10450 2566 0 15513 17145 3.645 1.293
DES 1982 5176 2540 3228 8503 1455 0 13186 15725 3.038 1.111
DES 1983 4160 1447 4614 6728 3010 291 14643 16090 3.867 1.353
DES 1984 2690 3058 11259 30319 11116 596 53290 56348 20.944 3.042
DES 1985 6333 2101 1050 6250 2573 0 9873 11974 1.891 0.637
DES 1986 6045 172 732 5257 5270 146 11404 11576 1.915 0.650
DES 1987 6278 389 653 2464 482 137 3737 4125 0.657 -0.420
DES 1988 7903 414 1263 3550 3578 0 8391 8804 1.114 0.108
DES 1989 3927 656 2134 5184 2069 0 9387 10043 2.558 0.939
DES 1990 2320 1453 3170 6694 3033 66 12963 14416 6.213 1.827
DES 1991 3684 2030 1701 1407 627 0 3735 5765 1.565 0.448
DES 1992 3454
DES 1993 6126
DES 1994 6025
DES 1995 6603
DES 1996 7734
DES 1997 17618

BY77-91 Ave 4683 2347 3224 7267 2889 82 13463 15810 4.260 1.102
BY77-91 Min 2320 172 653 1407 482 0 3735 4125 0.657 -0.420
BY77-91 Max 7903 6542 11259 30319 11116 596 53290 56348 20.944 3.042

1 – 1997 data are preliminary estimates

Figure 4.4-8: Productivity versus spawners for Deschutes River fall chinook (BY 1977-91). Recruits include
cumulative ocean harvest impacts.
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NFL

Spawner abundance ranged from 3,371 to 21,199 adults and averaged 11,143 for the period 1964-91
(Table 4.4-11). NFL spawner abundance has not exhibited a significant trend over the period 1964-91
(Figure 4.4-5). Total recruitment to the Columbia River including ocean harvest ranged from 2,489 to
72,837 and averaged 24,432 (Table 4.4-11). The natural log of recruits divided by spawners, ln(R/S),
using recruits harvested in ocean fisheries ranged from -2.142 to 2.32 and averaged 0.726 (Figure 4.4-9).
A fit of ln(R/S) vs. spawners yields a Ricker “a” of 2.48 including ocean harvest impacts (Table 4.4-11).
The Ricker “beta” value 0.00014 (Table 4.4-8).

Table 4.4-11: Run reconstruction for North Fork Lewis River naturally spawning fall chinook. The recruits
include cumulative ocean harvest impacts.

Stock BY Sadult R2 R3 R4 R5 R6 Radult Rtotal Robs/S Ln(R/S)
NFL 1964 16857 2092 3390 27120 6135 0 36645 38738 2.298 0.832
NFL 1965 7927 1088 1928 6977 1331 0 10236 11324 1.429 0.357
NFL 1966 11627 375 1947 8451 10272 0 20670 21045 1.810 0.593
NFL 1967 9711 1329 2423 39521 3614 0 45558 46887 4.828 1.574
NFL 1968 7160 25688 8403 30794 7952 0 47149 72837 10.173 2.320
NFL 1969 4986 883 2728 18437 3257 0 24422 25305 5.075 1.624
NFL 1970 4130 1126 3945 7789 6712 0 18446 19572 4.739 1.556
NFL 1971 19926 7474 3040 23149 1976 0 28164 35638 1.789 0.581
NFL 1972 18488 2556 4609 6025 3426 0 14060 16616 0.899 -0.107
NFL 1973 9120 1976 1449 11949 1906 0 15304 17280 1.895 0.639
NFL 1974 7549 2089 4002 6233 2453 0 12688 14776 1.957 0.672
NFL 1975 13859 2014 2541 11735 3791 0 18068 20082 1.449 0.371
NFL 1976 3371 1417 3019 23415 2486 23 28943 30360 9.006 2.198
NFL 1977 6930 2200 5666 19473 3610 0 28748 30948 4.466 1.496
NFL 1978 5363 279 2052 3978 4040 202 10272 10551 1.967 0.677
NFL 1979 8023 3067 3310 12261 4018 31 19620 22687 2.828 1.039
NFL 1980 16394 1749 1607 7329 2104 152 11192 12941 0.789 -0.237
NFL 1981 19297 2063 1917 6225 3349 36 11528 13591 0.704 -0.351
NFL 1982 8370 1880 2868 11175 6574 0 20617 22497 2.688 0.989
NFL 1983 13540 3496 6095 14352 9541 293 30281 33777 2.495 0.914
NFL 1984 7132 4204 6559 12383 18556 2200 39698 43902 6.156 1.817
NFL 1985 7491 5715 3773 9533 12133 932 26370 32086 4.283 1.455
NFL 1986 11983 3524 3313 7808 8981 599 20701 24225 2.022 0.704
NFL 1987 12935 2704 587 5109 3512 564 9772 12476 0.964 -0.036
NFL 1988 12059 1849 2019 4265 6193 516 12993 14842 1.231 0.208
NFL 1989 21199 781 642 815 210 41 1708 2489 0.117 -2.142
NFL 1990 17506 3283 2881 7375 11132 746 22134 25417 1.452 0.373
NFL 1991 9066 1256 1382 3535 5046 9963 11219 1.238 0.213
NFL 1992 6307
NFL 1993 7025
NFL 1994 9936
NFL 1995 11415
NFL 1996 13971
NFL 1997 8670

BY64-91 Ave 11143 3148 3146 12400 5511 235 21284 24432 2.884 0.726
BY64-91 Min 3371 279 587 815 210 0 1708 2489 0.117 -2.142
BY64-91 Max 21199 25688 8403 39521 18556 2200 47149 72837 10.173 2.320

1 – 1997 data are preliminary estimates
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Figure 4.4-9: Productivity versus spawners for North Fork Lewis River fall chinook (BY 1964-91). Recruits
include cumulative ocean harvest impacts.

Comparison Among Stocks

Spawner Trends

The HYURB stock exhibited an increasing trend in spawner abundance over the 1964-1991 period. The
SRB stock exhibited a decreasing trend in spawner abundance, beginning in the late 1960s, to an
extremely low level of spawners by the mid 1970s (Figure 4.4-5). The DES and NFL stocks did not
exhibit noticeable increasing or decreasing trends in spawner abundance (Figure 4.4-5).

The SRB stock exhibited the largest coefficient of variation (CV; 134%) in spawner levels over the
complete time series of information. For the other stocks the CV for spawner levels ranged from 35-63%.

Stock-Recruitment Relationships

The productivity (when fit to all years of data) was greatest for HYURBs and lowest for SRBs (Table
4.4-8). The contrasts in productivity estimated for the two time periods (corresponding to the pre and post
Snake River dam completion and also corresponding to a regime shift in oceanic and climatic conditions)
varied among stocks. For the NFL stock, the productivity was less in the pre-1975 period than in the post-
1974 period. In contrast, for HYURB and SRB stocks the productivity value was greater in the pre-1975
period than in the post 1974 period.

In some time periods, the narrow contrast in spawner abundance appeared to influence the recruitment
function fit. The contrast in spawner abundance was greater in the post-1974 period for NFL and HYURB
fall chinook, which corresponded to a better fit to the stock-recruitment function in this period. The
contrast in spawner abundance for the SRB stock was greater in the pre-1975 period and this contrast
corresponded to a better fit to the stock-recruitment function (Table 4.4-8).

The stock-recruitment fit to all years for SRB was the poorest for all stock and period combinations. The
productivity values fit to all years is 2.5 or greater for the NFL, DES, and HYURB stocks 9with fits
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significant at the alpha 0.05). The productivity values for the SRB stock recruit relationship fit to all years
is 1.92 (fit not significant at the alpha 0.05).

For the SRB and NFL stocks, fit to the pre-1975 period, density dependence (beta) was significant (at the
alpha 0.05). In contrast, for this period HYURB stock density dependence was not significant (spawner
escapement contrast was relatively small). For the HYURB and NFL stocks during the post-1974 period,
density dependence (beta) was significant at the alpha 0.05. In contrast, for the post-1974 period SRB
stock density dependence was not significant (spawner escapement contrast was relatively small). For the
HYURB, DES and NFL stocks fit to all years, density dependence (beta) was significant at the alpha
0.05. For the SRB stock, fit to all years, density dependence (beta) was not significant at the alpha 0.05.

The spawners estimated to produce maximum recruitment (MSP), from the stock recruitment function, lie
within in the range of observed spawners for all stocks and period combinations, except for the SRB stock
fit to all years (Table 4.4-8). In this case, the estimate for MSP exceeds the maximum observed spawner
level twofold.

Survival Rate Patterns

Trends in the survival rate indices (for Ricker fit to all brood years) (Figure 4.4-10) do not indicate any
obvious level-shift in survival rate. The low brood year 1991 survival rates correspond to the largest
observed deviation from the predicted recruitment function for the upriver SRB and HYURB stocks, but
not for the downriver DES and NFL stocks (Figures 4.4-6 through 4.4-9). The SRB and DES stocks
exhibited the highest correlation between stock groups for survival rate indices (Table 4.4-12).
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Figure 4.4-10: Survival rate indices by stock, BY 1964-91.

 Fall Chinook Residuals from Ricker function Brood Years 1964-1991
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Table 4.4-12: Correlation Matrix for survival rate indices of fall chinook

SRB DES HYURB NFL
SRB 1
DES 0.753 1.000
HYURB 0.461 0.541 1.000
NFL 0.303 0.618 0.301 1.000

Conclusions

The NFL and HYURB stocks remained productive with a relatively good fit to the stock recruitment
function over all brood years. In contrast, the SRB stock was less productive with a poorer fit to the stock
recruitment function. The large uncertainty in the stock recruitment parameters for the SRB stock is
partially due to the lack of contrast in spawner levels over a large portion of the time series. However, a
stock recruitment function fit to the pre-1975 period for the SRB stock yielded a good fit and exhibited a
productivity level comparable to the HYUB and NFL stocks. This large uncertainty in fitting the SRB
stock recruitment function to all brood years greatly limits the applicability of the estimate of spawners
needed to achieve MSP for management purposes. Although fit to fewer brood years, the fit to the stock
recruitment function for DES stock yielded a good fit and also exhibited a productivity level comparable
to the HYURB and NFL stocks.

As indicated in the FY 1998 report Section 3.1.2, accounting for ocean harvest impacts increased the
productivity of the stock recruitment relationship, but did not appreciably change the slopes. Further,
there were no discernable differences in the pattern of survival rate indices when ocean harvest impacts
were included in the recruitment estimates. There were no obvious level shifts in the time series of
survival rate indices, in the mid-1970s, for any of these fall chinook populations. While survival rate
indices for SRB and DES exhibited the highest correlation for fall chinook stocks, their spawner
escapement levels were markedly different. Survival rate indices have been declining for both these
stocks since the mid-1980s. However, natural origin escapement levels during this period for the SRB
stock were extremely depressed (averaged 469 natural spawners) where as DES average escapement
(6,477 natural spawners) was nearly double the estimated MSP escapement value.
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4.4.2 Estimating Adult Upstream Survival Rates Using Dam Counts, PIT-Tag, and Radio-
Tag Data

Historical estimates of upstream survival used in the PATH life cycle models were developed from
comparative dam counts within each year. The methodology behind these estimates (called conversion
rates) is summarized in Section 4.4.1 of this report, and a complete description of this method can be
found in Beamsderfer, et al. (1997). In addition to conversion rates, two independent methods for
estimating adult upstream passage survival have been developed – one relies on radio tagging data, the
other on PIT tag detections at dams during the adult migration up the Columbia River. The following
section summarizes the methods and for each approach and contrasts the results against the estimates
derived through the conversion rate process. Detailed descriptions of the methods, data and results are
available in Appendix G. The PIT tag estimate approach allows for a direct estimate of upstream
migration survival from a group of fish that originated above Lower Granite Dam; however, these PIT tag
estimates depend on a low number of fish (28 adults, 37 jacks.) from only the first year adult returns from
the 1996 brood (all that is available at this time) and are limited by extremely low detection rates at
Bonneville.

PIT tag detection rates at Bonneville were extremely low, as only fish that went through the coil at the
North Bonneville adult trapping facility (B2A) were detected. In contrast, adult detection efficiency at
Lower Granite is about 97% based on detections of PIT-tagged spring/summer chinook adults at the
hatcheries and LGR. J. Abrams ( IDFG) summarized PIT-tag detections at IDFG hatcheries as to whether
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or not the tag was detected at LGR (Appendix G). For 1996-1998 combined, 7 of 242 PIT tags at the
hatcheries had not been detected at LGR. Consequently, there are substantially less total fish detected at
BON (68 total) compared to LGR (153 total). Thus in the absence of a sample rate at Bonneville, survival
rates must be estimated based on the number of fish detected at both BON and LGR and the number of
fish detected at BON but not LGR. The other two approaches (dam count based conversion rates and the
radio tagging approach) each involve generating estimates based on comparisons of aggregate run counts
among dams. In other words, these two methods generate estimates of interdam losses based on
comparing sequential dam counts or radio tag detections, respectively.

To estimate upstream survival rates based on pit tag detections, Budy and Schaller (May 4, 1998, PATH
memo) queried PITAGIS for all adult PIT tag detections at BON and LGR. All detections of fish that did
not originate in the Snake River were eliminated, and the number of detections of detected at BON and
LGR, and the number of detections of fish detected at BON, but not LGR, were summed. The upstream
survival rate was estimated and adjusted for in-river harvest as:
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 [Eqn. 4.4-12]

The harvest rate used in the survival rate is the TAC (1998) zone 6 mainstem exploitation rate on the SRB
stock and is identical to the HR used in estimating the dam based conversion rates. Four different sets of
detections were considered: 1a.) including detections that were released at Lyon’s Ferry Hatchery and
detected at BON and/or BON & LGR but not including mini-jacks (fish that return upstream the same
year they out migrate), 1b.) including detections that were released at Lyon’s Ferry Hatchery and detected
at BON and/or BON & LGR and including mini-jacks, 1c.) excluding detections that were released at
Lyon’s Ferry Hatchery and detected at BON and/or BON & LGR and mini-jacks, and 1d.) excluding
detections that were released at Lyon’s Ferry Hatchery and detected at BON and/or BON & LGR but
including mini-jacks.

PIT tag based survival rates ranged 0.48-0.50 for adults and 0.66-0.74 depending on the inclusion or
exclusion of LYF release fish and mini-jacks (Table 4.4-13). The estimates excluding mini jacks are most
appropriate for application to the run reconstruction, as mini jacks are not included in dam counts. The
two estimates, excluding mini jacks (Lyon’s Ferry release fish included and excluded) were: 1) with
Lyon’s Ferry Hatchery releases, adults = 0.48 and jacks = 0.69; and 2) without Lyon’s Ferry Hatchery
releases, adults = 0.50 and jacks = 0.74. These compare to the dam count based conversion rates of 0.48
for adults and 0.62 for jacks. For return year 1998, there appears to be little difference between PIT tag
based survival rates and dam count based conversion rates (Table 4.4-13).

Paulsen performed a similar analysis of the same pit tag data considering only pit tag detections from fish
released above Lower Granite dam with harvest rates modeled as a binomial process for all fish detected
at Bonneville (fish released at Lower Granite Dam and at Lyon’s Ferry were excluded). In addition, while
the Budy and Schaller approach described above used the true age based on the brood year to allocate
detections as mini jacks, jacks, or adults, Paulsen used ocean age, determined from migration and return
year, to allocate detections among mini jacks, jacks, and adults. Upstream pit tag survival rates based on
this analysis were 0.55 (±2%) and 0.74 for adults and jacks respectively (Table 4.4-13). This approach
results in survival rates similar to dam based conversion rates for adults but somewhat higher estimates
for jacks (dam based conversion rates = 0.48 for adults and 0.62 for jacks). However, these estimates may
not be directly comparable to dam count conversion rates because only fish released above Lower Granite
were considered and because of the jack/adult split.
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Cooney (March 8, 1999) PATH memo summarized upstream conversion rates based on 1992 and 1993
Radio Tagging Experiments. Biologists from the Snake River Laboratory of the Washington Department
of Fish and Wildlife conducted radio tagging studies in the Snake River in recent years as part of an
ongoing evaluation of upstream passage and spawning of fall chinook in the Snake River (Mendel &
Milks, 1997, Blankenship & Mendel, 1993). Unmarked adult fall chinook were obtained from the Ice
Harbor Dam ladder, tagged with individually coded radio tags, and released above or below Ice Harbor
Dam. The radio tagged fish were tracked as they migrated through the Snake and, in some cases, the
Columbia River mainstem. The reports prepared by researchers involved in the Snake River upstream
monitoring project concentrate on fall back and losses associated with Ice Harbor Dam. The authors
report a consistently high rate of fall back of adults at Ice Harbor Dam. The problem at Ice Harbor has
been understood for a relatively long period of time. Ice Harbor Dam counts were not included in the
PATH run reconstruction conversion rates. The appropriate comparison is with the survival or conversion
rate estimates from Lower Monumental to Lower Granite Dam.

The data to develop direct comparisons with this method of estimating survival rates is contained within
the Snake River radio tagging project reports. In each year, a group of radio-tagged adult salmon was
detected going through the ladders at Lower Monumental Dam. The fish could be sorted into four major
categories based upon final detections: 1) fish that migrated upstream over Little Goose and Lower
Granite Dam (in some cases after fall back at one or more projects); 2) fish that entered Lyons Ferry
Hatchery (located between Lower Monumental and Little Goose Dams); 3) fish that entered the Tucannon
River and remained there; and 3) fish that were losses in the reservoirs or that fell back out of the Snake
system. The number of individual radio tagged fish in each category for the two mainstem Snake River
dams upstream of Lower Monumental Dam (Little Goose and Lower Granite) were summarized. Loss
rates for the reaches were defined by each sequential pair of projects as follows: 1) Upper Dam Count =
Radio Tagged Fish Remaining Above Upper Dam + RT Fish returning to LFH + RT Fish returning to
Tucannon River + RT Fish returning to Columbia River locations; and 2) Lower Dam = Radio Tagged
Fish Counted at the Lower Dam.

This approach apportions losses to the four categories of known disposition (above LGR, Lyons Ferry
Hatchery, the Tucannon River and confirmed fallback to the Columbia River) by their occurrence at the
upper most dam of each pair. In these calculations, adult fish that fall back at a dam or sequence of dams
and do not eventually show up at one of the four known dispositions are treated as mortalities. Those
mortalities are calculated as loss rates and would apply across the groups in proportion to their presence
within a reach. The estimated loss rate is expanded to represent the Ice Harbor to Lower Granite Dam
reach by taking a square root of the parameter value and raising it to the third power, representing the
number of projects in the mainstem Snake reach. The alternative estimates, based on radio tag data, were
0.67 and 0.68 for return years 1992 and 1993 respectively, as compared to the run reconstruction
conversion rates of 0.65 and 0.78 for return years 1992 and 1993 respectively (Table 4.4-13). The results
from 1992 should be viewed with caution; not all radio tagged fish passing the middle Snake River dams
were detected given the sampling schedules and the equipment employed.
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Table 4.4-13: Comparison of different methods for estimating upstream survival of fall chinook.

Source Type of data Year / Notes
Adult Survival /

Conversion
Jack Survival /

Conversion
Dam Count
Conversion Rate

Dam counts 1998 – see Section 4.4.1
of this report

0.48 0.62

Budy and Schaller
(Appendix G.1)

Pit tag
detections

1998-includes detections from fish
released at Lyon’s Ferry hatchery

0.48 0.69

Budy and Schaller
(Appendix G.1)

Pit tag
detections

1998-does not include detections from
fish released at Lyon’s Ferry

0.50 0.74

Paulsen Pit tag
detections

1998- includes only fish detected above
Lower Granite (not at or below)

0.55(±2%) 0.74

Cooney
(Appendix G.2)

Radio tag
data

1992- view with caution, sample
problems at middle Snake dams

0.67 NA

Dam Count
Conversion Rate

Dam counts 1992-see Section 4.4.1
of this report

0.511 (BON-LGR)
0.651 (IHR-LGR)

NA

Cooney
(Appendix G.2)

Radio tag
data

1993 0.68 NA

Dam Count
Conversion Rate

Dam counts 1993-see Section 4.4.1
of this report

0.56 (BON-LGR)
0.784 (IHR-LGR)

NA

4.5 Life-Cycle Model Description

The life cycle model considers a number of uncertainties in Snake River fall chinook populations. We
first explain the life cycle model in general terms, and then mathematically. We refer to the entire
modeling apparatus by the acronym “fall BSM” (fall chinook Bayesian Simulation Model). Section 6.1.2
provides a summary of the results of exploring different variations in the structure of the life cycle model,
and testing them against historical estimates of recruitment. Appendix E provides more detailed technical
information on the life cycle modeling approach, including the ability of fall BSM to accurately estimate
parameters.

4.5.1 General Description

Figure 4.5-1 illustrates the general structure of fall-BSM, in a schematic form.
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Figure 4.5-1: Structure of fall-BSM. See text for explanation of individual components. The dashed square in
the top half of the figure represents the passage models, described in Section 4.3. The equation at
the bottom half of the figure is meant only to illustrate the factors which combine to influence
computed recruits and spawners; for actual equations see Section 4.5.2.

Each of the terms in Figure 4.5-1 is explained below. We outline how these terms are defined both for
reconstructions of the past (retrospective modeling) and forecasts of the future (prospective modeling).

1. The stock recruitment function contains several parameters:

•  the stock’s intrinsic productivity (Ricker a parameter, which reflects natural productivity
and mortality),

•  the spawning level generating maximum recruitment (1/b), and
•  a parameter to potentially account for less recruitment at low spawning levels (p).
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For retrospective modeling, these parameters are estimated from historical estimates of recruits
(R) to the mouth of the Columbia River, and dam counts of numbers of wild and “other” Snake
River spawners (S); (see total recruits, Rtotal and Natural Sadult in Table 4.4.1-7; Other Sadult in
Table 4.5-6). There is uncertainty in the estimates of these stock recruitment parameters, and the
retrospective modeling generates a joint probability distribution for all of the parameters
(including others described below). For prospective modeling, the stock recruitment parameters
are sampled from this joint probability distribution and then applied to future forecasts. Fall-BSM
takes 4,000 samples of parameters, to ensure the overall uncertainty in all parameters is fully
considered.

In the Snake River, we model only one fall chinook stock, as compared to seven spring/summer
stocks. Note that in estimating these parameters the number of spawners in any given year
includes both wild and “other” spawners (e.g. supplemented fish) that are effective in generating
adult recruits. The effectiveness of other spawners is another estimated parameter (see #8).

2. System survival estimates the overall survival of smolts through the hydrosystem, from the head
of the first reservoir to below Bonneville Dam, but also including the post-Bonneville survival of
transported fish. As illustrated in the top half of Figure 4.5-1, system survival is affected by:

•  the survival of in-river smolts from the first reservoir to Bonneville (Vn), estimated both
retrospectively and prospectively from the passage models (fall FLUSH or fall CRiSP, see
Section 4.3);

•  the survival of transported smolts in barges or trucks (Vt, assumed to be 0.98 both
retrospectively and prospectively);

•  the proportion of smolts below Bonneville which were transported in each year (Pb_t),
calculated both retrospectively and prospectively in the passage models based on the
overlap in timing of smolt migration and transportation programs; and

•  an estimate of the extra mortality of transported fish, computed from the ratio of post-
Bonneville survival of transported smolts to post-Bonneville survival of non-transported
smolts (D). Approaches used to estimate D are described below.

The life cycle model treats the inputs from the passage models as input data measured without
error, both retrospectively and prospectively. Thus in retrospective modeling some of the errors in
estimating historical passage survival adds to the uncertainty in other parameters that are
estimated.

The D parameter is important because it affects the projected effectiveness of transportation. In
the spring/summer models, the D parameter was estimated for all the years with transport
experiments of Snake River fish. With Snake River fall chinook, however, there are no transport-
control studies from Lower Granite Dam. We therefore needed a different method to estimate D.
We have to date explored five possible methods, all of which are less preferred than the
approaches used for spring-summer chinook. Arguments for and against each method are outlined
in section 5.3.2 and in more detail in Appendix A.

1. Retrospectively, we estimate D from the Snake River fall chinook spawner-recruit data
(i.e. what value of D results in the best fit to recruitment data since transportation
programs began). The best estimate of D is applied to all historical years. Prospectively,
D is then drawn from the probability distribution of estimated values.

2. Retrospectively, we take the most likely value of D from method 1, and adjust it to
correct for possible biases, based on a comparison of methods using spring/summer
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chinook (this increases D by 0.09 to 0.13). Prospectively, we apply this adjusted value as
a fixed estimate of D (i.e. with no uncertainty).

3. D is estimated from McNary T/C studies carried out from 1978 to 1983 (mostly Hanford
Reach fall chinook), and various estimates of in-river survival of smolts control fish from
McNary to Bonneville (Appendix A). This generates a number of estimates of D which
can be averaged down to a fixed estimate that can be used both retrospectively and
prospectively, similar to method 2.

4. T/C ratios are estimated from 1995 PIT-tag data on smolt to adult survivals of Snake
River fish, and then transformed into an estimate of D using passage model estimates of
in-river survival. This can be included as a fixed estimate both retrospectively and
prospectively, similar to method 2.

5. D values are inferred from SAR estimates for Snake River fall chinook (primarily Lyons
Ferry hatchery fish) and other Columbia River fall chinook stocks.

Method 2 was used as a temporary approach to deriving fixed D values in the FY98 report, and
can now be replaced by methods 3, 4, or 5. In Section 6.1.2, we examine how well a range of D
values fit the historical spawner-recruit data, and in section 6.3, the effects of this range of values
on prospective results. A weight-of-evidence approach, outlining the strengths and weakness of
each method of estimating D, is probably required to decide on the weights associated with
assumed value D.

3. Post-Bonneville survival of non-transported fish considers a step-decline in survival (step
increase in mortality) either after brood year (BY) 197010 (presumed to be related to the start up of
the lower Snake River dams), or after BY 1976 (presumed to be related to changes in ocean
conditions, or the full operation of the Snake River dams). The magnitude of this step decline
(parameter “STEP”) is also estimated retrospectively from the spawner-recruit data. How much of
a step decline in survival is assigned by the model can depend not only on the assumed year in
which the decline begins, but also on the estimated system survival. As can be seen from Figure
4.5-1, if system survival is higher, post-Bonneville survival of non-transported fish will need to
be lower to generate the same recruitment decline. STEP and D cannot both be estimated from
the data at the same time, so one of these two parameters needs to be fixed at a given value. We
therefore developed two versions of the BSM model: Fall-S and Fall-D. In the Fall-S version, the
user specifies a value for D and the model estimates STEP. In the Fall-D version, the model
estimates D and the user specifies a value for STEP. Using Fall-S, the best estimates of STEP are
close to zero for all values for D with a reasonable fit to the spawner-recruit data (Section 6.1.2).
Therefore, when using the Fall-D version to estimate D, we assume that STEP=0.

In prospective simulations, we have four basic alternative hypotheses about future values of
STEP, namely:

•  STEP = 0 (implemented using Fall-D version of BSM);
•  Regime shift hypothesis (implemented with Fall-S version of BSM), in which STEP

oscillates in a 60-year cycle between the values of 0.0 (good climatic periods) and a value
selected from the posterior distribution for STEP (poor climatic periods). The cycle turned
non-zero in brood year 1976 (ocean year 1977) (see Weight of Evidence Report, Section
4.2.3).

•  Hydro-related hypothesis (implemented with Fall-S version of BSM), in which STEP will
continue in the future at a value selected from it’s posterior distribution, assuming a

                                                     
10

The 1970 brood year corresponds to the 1971 migration year for fall chinook.
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change in brood year 1976, unless the Snake River dams are removed, in which case
STEP will equal 0.0. This is analogous to the method for spring/summer chinook,
described in Appendix H of the PATH Weight of Evidence Report, which resolves some of
the problems with making post-Bonneville survival proportional to in-river survival (see
Section 4.2.3 of PATH Weight of Evidence Report). The hypothesis is that the extra
mortality was caused by the Snake River dams. With this hypothesis, drawdown of John
Day Dam alone would not change extra mortality.

•  BKD (implemented with Fall-S version of BSM) or “it’s here to stay” hypothesis, in
which STEP will continue in the future at a value selected from it’s posterior distribution
(see PATH Weight of Evidence Report, Section 4.2.3), again assuming a change in brood
year 1976.

These hypotheses are discussed further in Section 5.3.3 of this report.

4. The climate factor accounts for changes in survival other than those due to the stock recruitment
function, system survival, and post-Bonneville survival of non-transported fish. These climatic
variations could affect any life history stage, though in Figure 4.5-1 we show only the example of
changes in estuary and ocean conditions. The retrospective modeling approach which gave the
best fit to historical data was to assume that year-to-year variations in Snake River fall chinook
recruitment are proportional to year-to-year variations in the Deschutes fall chinook stock (i.e.
years with better than expected recruitment in the Deschutes population tend to be have better
than expected recruitment in the Snake River population as well). The degree of covariation in the
two stocks’ year-to-year variation is estimated from the historical data. Prospective simulations
randomly choose both a year effect from the Deschutes stock and a proportionality factor (g)
from the probability distributions established from historical recruitment data.

The Deschutes stock is considered by NMFS to be in the same Evolutionarily Significant Unit as
the Snake River stock (Meyers et al. 1998). Also, the Snake and Deschutes stocks enter the
estuary around the same time, and have similar ocean distributions (Phaedra B., pers. comm.)
which provides a rationale for this approach. Other approaches to estimating a climate factor
provided considerably poorer fits to historical recruitment estimates (Section 6.1.2). These
approaches included using temperatures from five Canadian weather stations, indices of year-to-
year variations from the spring/summer chinook analysis, and year-to-year variations in the
Hanford fall chinook stock.

5. Ocean harvest is already considered in retrospective modeling because the estimates of total
recruitment include ocean harvest impacts (see Section 4.4.1). Prospectively, base ocean harvest
rates are randomly selected from the 1985-1996 period, and then altered to reflect alternatives to
the base scenario such as +15%, -15%, -50% and –75% (explained in more detail below).

6. Historical estimates of in-river harvest are used in the run reconstructions to estimate total
recruits (Section 4.4.1). Prospectively, in-river harvest rates are set based on either the current
rules (a function of both Snake River and Hanford fall chinook recruitment to the river mouth) or
a more conservative set of rules.

7. Historical estimates of upstream migration survival rates (also called conversion rates) are used
in the run reconstructions to estimate total recruits (Section 4.4.1). Prospectively, we randomly
sample the 1985-1996 upstream survival rates for scenarios without dam breaching (e.g. A2), but
implement higher upstream survival rates under breaching scenarios (e.g. A3, B1). We also
considered an alternative assumption that the Snake River dams had no effect on upstream
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migration survival in the past when the dams went in, and would have no effect in the future if
they the dams were breached. This affects the run reconstructions, retrospective modeling, and
prospective modeling.

8. The effective number of spawners is the sum of the wild spawners and an effectiveness factor E
(where E ranges from 0 to 1; E=0 implies that hatchery spawners make no contribute to future
generations, while E=1 implies that the hatchery spawners make the same contribute to future
generations as natural spawners) times the number of “other” spawners. Wild spawners are
defined as those spawners who are progeny of Snake River spawners. The “other” category
accounts for supplemented fall salmon and hatchery fish allowed to spawn in the Snake River.
Retrospectively, the fit of the model to observed recruitment is a function of E, the effectiveness
factor, and thus it was treated as a parameter to be estimated in the model. Prospectively, values
of E are drawn from the probability distribution established from the retrospective modeling.

Estimating Parameters for Overlapping Time Periods

Each of the parameters estimated retrospectively is associated with a specific period (Figure 4.5-2). The
overlaps in time among these periods can result in tradeoffs among the different parameter estimates. For
example, both the CRiSP and the FLUSH model indicate that substantial transportation of these fish only
began in the early 1980’s (Section 6.1.1). The timing of the onset of transportation is similar to the timing
of the beginning of supplementation of non-wild spawners into the Snake River. Therefore the observed
decline in productivity of the Snake River fall chinook population beginning roughly in the mid-1980’s
can be accounted for either by poor survival of transported fish, a low D, or alternatively by ineffective
spawning of non-wild fall chinook — a low E. The joint distribution of D and E is illustrated in Figure
6.1.2-2. Note that the most likely values for the two parameters are a D value close to zero, and an E
value close to 1.0.

Figure 4.5-2. Periods of time for which BSM estimates various parameters in retrospective modeling.

It would appear from Figure 4.5-2 that there might be potential confounding between STEP76, D and E.
However, there is less support for STEP (extra mortality of non-transported smolts) as an explanation for
the decline in productivity, as compared to results given in the FY1998 report. The timing of the onset of
STEP, either in brood year 1970 or 1976 is a few years before the decline in productivity and thus the
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Brood Year

Ricker a, b, p
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g (Snake-Deschutes)

D (Transportation)

E (Hatcheries)
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decline is better accounted for by either D or E. Nevertheless, there is sufficient room for uncertainty
about the cause of the decline to allow STEP to remain a plausible hypothesis if one assumes that D is
sufficiently large (i.e. if one fixes D at a higher value using the Fall-S version of the model). The passage
model used has only a minor affect on the ability of Fall-BSM to estimate the “D” and “STEP”
parameters (see Section 6.1.2).

4.5.2 Mathematical Description

Mathematically, the fall chinook spawner-recruit model is a hybrid of the alpha/delta models used for
spring/summer chinook (see PATH Weight of Evidence report, Section 4.2.2 or Appendix A of the NMFS
AFISH Appendix (April 14th, 1999)). The model is a Ricker model generalized to permit depensatory
mortality, year-effects, in-river passage mortality, post-Bonneville “extra mortality”, and effective
spawning adjustments. Additional technical details on the life-cycle model are provided in Appendix E.
The equation is:

ln(R_t) = a-bS_t +(1+p)ln(S_t)–M_t + yr-effect –STEP +ln(DP_t+1-Pb_t) +e_t [Eqn. 4.5 -1]

S_t = Swild_t + E*Sother_t

for which:

a = Ricker “a” parameter (estimated from spawner/recruit data),
b = Ricker “b” parameter (estimated),
p = depensation parameter, to potentially reflect changes in survival at low spawner

abundance (estimated),
STEP = post-Bonneville mortality of non-transported smolts, which is a step function with

values STEP=0.0 for brood years prior to either 1976 or 1970 (depending on model
choice) and takes on a constant value for subsequent brood years (either specified or
estimated),

D = ratio of post-Bonneville survival of transported smolts to post-Bonneville survival of
non-transported smolts, which is assumed to be a constant during all years of
transportation (either specified or estimated),

Pb_t = proportion of smolts below Bonneville which were transported in year “t” (provided
by a passage model),

M_t = total direct in-river and transport mortality to below Bonneville in year “t”, which
may include mortality in rearing areas, prior to migration in river (provided by a
passage model),

yr-effect = year-effect accounting for mortality sources other than those specified by other
parameters in the model (see below),

R_t = number of returns to the Columbia River in the absence of ocean harvest data),
S_t = number of effective age 3+ spawners in year “t”,
Swild_t = number of wild (natural) age 3+ spawners in year “t”,
Sother_t = number of non-wild spawners in year “t”, and
e_t = normally distributed random variable, with mean of zero.

Total in-river and post-Bonneville mortality is given by the sum of terms, [–M_t –STEP + ln(DPb_t + 1-
Pb_t)]. STEP is always zero prior to 1970, and the ln(Dp_t + 1-Pb_t) term dissolves to zero in years
without transportation (i.e. when Pb_t = 0). When exponentiated, [–M_t + ln(DPb_t+1-Pb_t)] equals the
system survival in year t, including post-Bonneville survival of transported fish. The derivation is given in
Section 3 of Appendix A of the Preliminary Decision Analysis Report for spring/summer chinook. The
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improvement in the system survival (ratio of prospective system survival to retrospective system survival)
in an important factor in determining outcomes of alternative actions and hypotheses (see Appendix E.3).

Potentially, the parameters to estimate include a, b, p, yr-effect, STEP,E, and D. It is assumed that
Swild_t, Sother_t, Pb_t, and M_t are input data measured without error. Both measurement error in the
returns, R_t, and process error (natural variation) contribute to the error term e_t. Measurement error can
affect the accuracy of other estimated parameters.

Climate Factor or Year Effects

We explored a number of ways to estimate year effects (see Section 6.1.2). We chose to represent the
year-effect for Snake fall chinook as a factor proportional to residuals from a Ricker model fitted to the
Deschutes fall chinook stock, based on both the scientific arguments in Section 4.5.1 and the relatively
good fits to recruitment data provided by this method (Section 6.1.2). The proportionality factor could
have been either negative or positive, but the data showed a positive correlation between the two stock
groups. In probability notation, this means we need to model the joint posterior density of both the
Deschutes and Snake River models (i.e. how the recruitment of these two stocks covaries). Formally the
random variable is defined by:

e_t = g*e_t(deschutes) + e’_t [Eqn. 4.5-2]

where:

e_t = overall residual variation in Snake River stock in year t;
e_t(deschutes) = residual variation in Deschutes stock in year t; and
e’_t = remaining residual variation in Snake River stock after correlation

with Deschutes stock has been removed.

We assume that the e_t(deschutes) and e’_t are independent normal random variables. With this
assumption about the random variables, we identify the yr-effect in Equation [4.5-1] as a component of
the e_t. The parameter g (the proportionality factor mentioned above) is an another parameter to be
estimated. With the structure shown in Equation [4.5-2], the generic yr-effect term in Equation [4.5-1]
drops out, and is absorbed into the e_t term. We wrote Equation [4.5-2] as is to reflect other possible
approaches to estimating the year effect (described below). No attempt was made to estimate year-effects
as free parameters, as implemented in the spring/summer chinook model, due to the low degrees of
freedom available. The structure in Equation [4.5-2] permits us to model year-effects by introducing only
a single additional parameter to be estimated. Other candidate factors for the year effect parameter
included Spring/Summer chinook MLE estimates of year-effect, PAPA index of changes in ocean
conditions, and average ocean temperature data for five Canadian stations, but these resulted in
significantly poorer fits to the spawner/recruit data.

Parameter Estimation

The values of all parameters are selected so as to maximize the amount of recruitment variation explained
by the two stock recruitment models (i.e. Snake and Deschutes), and minimize the unexplained noise.
BSM chooses parameter values so as to maximize the probability that the data are true, under a given
model structure. The posterior density (or probability distribution to be maximized) is basically a
generalization of the likelihood function, which we can write as:

Pr({e_t(deschutes)})*Pr({e’_t})* Pr(priors) [Eqn. 4.5-3]
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In application this involves simultaneous fitting of Ricker-type models to the Deschutes and Snake River
stocks. The Deschutes region fall chinook and Hanford region fall chinook are modeled with simple
Ricker-type models.

The prior distributions for all parameters are taken to be uniform distributions (i.e. the likelihood of any
particular parameter value is determined only by the data), except for the Ricker “b” coefficient for the
Snake River stock. For this “b” parameter, we have independent historical information which can be used
to constrain the values assigned by the fitting procedure. At the PATH April 1998 workshop, we decided
to assume a prior on that “b”, which is implemented in the model as:

ln_b ~ N(ln(1/5000),.25) [Eqn. 4.5-4]

That is, other information suggests that recruitment is maximized at 5000 spawners (Schaller and Cooney
1992). Estimates of the maximum recruitment level range from 4800 (Schaller and Cooney) 1992) to
7140 (Connor 1994). However, the BSM fits to spawner/recruit data are not very sensitive to this
assumption (e.g. using a maximum recruitment prior of 10,000 spawners generated very similar results).11

The Hanford stock was included in the current life-cycle modeling, not because it provides retrospective
information about the Snake River stock, but because prospective in-river harvest rules depend on the
Hanford stock performance. To date, we have not used the Lewis River spawner/recruit data in Fall-BSM.

As described in Section 4.5.1, we used two versions of BSM, a Fall-D version in which D is estimated
and STEP fixed at zero, and a Fall-S version in which D is fixed by the user and STEP estimated.

4.5.3 Details of Prospective Simulation Modeling

For prospective forecasts, 100-year simulations were made for each of the 4,000 samples taken of the
posterior density of the parameters (the joint statistical distributions of all estimated parameters).
Simulation year 1 is 1997, the first year spawning levels are forecasted. Each simulation begins with
given inputs of spawning levels through 1996 and recruitment is forecasted beginning with brood year
1992.

Downstream Survival and Extra/Delayed Mortality

Parameters representing this source of mortality (M_t, Pb_t, D, STEP) are projected each simulation year
given certain assumptions about how the river system is operated in the future (e.g. transportation, spill,
drawdown, etc). During the forward simulation the parameters M_t and Pb_t are drawn from water years
like those which occurred in 1976-1993 (brood years 1975-1992) based on selection relative to historical
probabilities of years with similar unregulated water transit times.

Table 4.5-1 shows the assumptions associated with the two different versions of the Fall-BSM model
used in the prospective runs. In Fall-D, the STEP function is set to 0.0, based on results from the
retrospective analysis which found no evidence for a non-zero STEP after 1970 (Section 6.1.2). In that
case, there is no need to deal further with hypotheses about post-Bonneville mortality of non-transported

                                                     
11 Technical notes: To prevent computer numerical overflows, uniform distributions were truncated well into the tails of the distribution of the

likelihood; typically [-16,16] for log-transformed parameters. For both “D” and “E”, the inverse-Jacobian transformation was factored into the
posterior density to account for the assumption that both “D” and “E” are uniformly distributed on an arithmetic scale. For example, let E =
[1+exp(theta)]^(-1) where “theta” is a [-16,16] range-bound parameter to be estimated. If E has a uniform prior then the density function
involving theta contains the Jacobian-inverse factor E*(1-E).
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smolts. If the parameter D is specified by the user (Fall-S), then the program treats STEP as an estimable
parameter whose retrospective value was non-zero for brood years 1976-1991.

Table 4.5-1: Different versions of the Fall-BSM model used for prospective forecasts of Snake River fall
chinook.

Model Assumptions
Model Version “D” “STEP”
1. Fall-D selected from the posterior

distribution for D
STEP = 0

2. Fall-S D specified by user selected from the posterior distribution
for STEP, starting in BY 1976

Ocean Harvest

Ocean harvest in fall BSM is determined by two factors — "maturity schedule" and "ocean harvest
schedule." Run reconstructions determined the best estimates of these schedules for past years. During
forward simulation for the Snake River stock, the maturity schedule is randomly selected from the period
1964-1991.

For baseline runs, the ocean harvest schedule is selected from run years 1985-1996 (the years since the
U.S. vs. Canada Pacific Salmon Treaty came into effect). The selection of harvest rates is an auto-
correlated process because historical harvest rates show an autocorrelation. For example, the age 4 Snake
River fall chinook have an autocorrelation of R=0.357 for years 1968-1994. The assumption of a random
process is apparently not valid and so a simple autocorrelation was introduced by choosing sequential
year harvest rates 50% of the time and random year selection the other 50% of the time. For example, a
future simulation might have a selection of harvest rates from year 1990, 1991, 1986, 1992, 1993, 1994,
1988, 1996, etc. The historical exploitation rates for 1985-1996 are given in Table 4.5-2.

BSM allows for changing ocean and in-river harvest levels. We explored six different scenarios, which
are explained in detail in Section 5.3.4:

Χ Baseline (historical) rates;
Χ 15% increase in ocean harvest;
Χ 15% decrease in ocean harvest;
Χ 50% reduction in ocean harvest;
Χ 50% reduction in ocean harvest, plus 50% reduction in in-river harvest and conservation cut-off;
Χ 75% reduction in ocean harvest, plus 50% reduction in in-river harvest and conservation cut-off.
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Table 4.5-2: Historical ocean exploitation rates for Snake River fall chinook.

Ocean Exploitation Rate
Run Year Jack 3 4 5 6
1985 0.025 0.105 0.223 0.303 0.357
1986 0.015 0.106 0.170 0.169 0.303
1987 0.037 0.156 0.140 0.159 0.169
1988 0.027 0.060 0.288 0.172 0.159
1989 0.038 0.151 0.233 0.227 0.172
1990 0.042 0.059 0.271 0.252 0.227
1991 0.026 0.051 0.138 0.212 0.252
1992 0.020 0.095 0.242 0.204 0.212
1993 0.006 0.079 0.244 0.204 0.204
1994 0.015 0.014 0.229 0.204 0.204
1995 0.016 0.047 0.074 0.169 0.204
1996 0.046 0.000 0.158 0.169
Mean 0.024 0.081 0.188 0.203 0.219
Min 0.006 0.014 0.000 0.158 0.159
Max 0.042 0.156 0.288 0.303 0.357

The base cumulative exploitation rates are shown in Figure 4.5-3, together with the optional rates.

Figure 4.5-3: Base cumulative ocean exploitation rate (for age 4 fish), and sensitivity analyses conducted above
and below this base rate.

In-River Harvest

The current fall BSM in-river harvest rules are based on the 1996-1998 In-River Harvest Agreement12,
modified to reflect current run reconstruction estimates of threshold levels. Since Snake River fall
chinook (SRB) enter the river at the same time as the healthy Hanford/Yakima "Upriver Bright" stock

                                                     
12

 1996-98 Management Agreement for Upper Columbia River Fall Chinook, Washington, Oregon, Idaho, the United States, and
Columbia River treaty tribes. U.S. v. Oregon, August 10, 1995, Portland, OR

Fall Chinook Harvest Sensitivity Analysis
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(HYURB), both stocks are vulnerable to fishing mortality and the BSM harvest rules are based on the
abundances of both of these stocks (Table 4.5-3).

The basic idea is that for each combination of recruitment ranges for the SRB and HYURB stocks there is
a pair of harvest rates in which the SRB rate is always about 80% of the HYURB rate. These harvest rules
are applied in deterministic fashion, based on simulated returns to the mouth of the Columbia River.

During prospective simulations of a drawdown of the Snake River dams, the threshold levels are further
modified to reflect improved up-river survival – the “conversion” rates. The change in threshold is to
reduce the SRB thresholds in the first row by 50%, roughly to values, 0, 360, 990, and 10,760.

Table 4.5-3: In-river harvest rates for the SRB and HYURB stocks based on recruits to the river mouth.

SRB Recruits To River Mouth
0 - 720 720 - 2,000 2,000 - 21,760 21,760 +HYURB Recruits

to River Mouth SRB HYURB SRB HYURB SRB HYURB SRB HYURB
0 -30,000 .07 .09 .07 .09 .07 .09 .07 .09
30,000 – 50,000 .15 .18 .15 .18 .15 .18 .15 .18
50,000 –150,000 .15 .18 .25 .31 .25 .31 .25 .31
150,000 + .15 .18 .25 .31 .30 .37 .58 .71

An alternative in-river harvest schedule was also implemented. The alternative calls for a 50% reduction
in in-river harvest of the SRB stock (Table 4.5-4).

Table 4.5-4: In-river harvest rates under the conservation cut-off, 50% reduction scenario.

SRB Recruits To River Mouth
0-660 660-6960 6960-21760 21,670+HYURB Recruits

to River Mouth SRB HYURB SRB HYURB SRB HYURB SRB HYURB
0-30,000 .07 .09 .07 .09 .07 .09 0.07 0.09
30,000-50,000 .08 .09 .13 .15 .15 .18 .15 .18
50,000-150,000 .08 .09 .13 .15 .25 .31 .25 .31
150,000+ .08 .09 .13 .15 .3 .37 .58 .71

Upriver Survival

Upriver mortality (due to causes other than fishing) between Bonneville and the uppermost Snake River
dams are accounted for by using "conversion" rates. These rates include any natural mortality and
mortality caused by the four mainstem dams. These are estimated for past years via the run
reconstructions (Section 4.4.1). In forward simulation these parameters are drawn randomly from the past
years 1985-1996 and considered to be representative of current conditions. The conversion rate is applied
in conjunction with the in-river harvest rate to get a total in-river survival rate.
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To simulate improvements in adult survival during upstream passage due to drawdown, the conversion
rate is modified. Table 4.5-5 lists base-level and Snake River dam drawdown scenario conversion rates.
The drawdown conversion rates occur in the simulation after dam removal is complete. During the first 2
years of dam removal (construction period) the conversion rates are set to 50% of the base level. One
option is given for further improvements in conversion rates for John Day drawdown under Scenario B1:
the option boosts conversion rates by 5% above the drawdown rates in Table 4.5-5 after John Day Dam
drawdown – subject to a maximum conversion of 1.0.

A sensitivity analysis was completed planned for which no change in conversion rates occur under
drawdown. This required redoing all of the run reconstructions to also have no change in conversion rates
when the Snake River dams were first established.

Base conversion rates are from Table 3.1.2-2 (FY98 Final Report) for Snake River brights (SRB).
Drawdown conversion rates are from Table 3.1.2-3 (FY98 Final Report) for Hanford-Yakima upriver
brights (HYURB; assumed to also represent SRB Bonneville to McNary dam conversion rates), times
0.975 (assumed conversion rate for McNary Dam to Lower Granite reach, after drawdown is complete.
The 0.975 assumption is based on adult survival studies through free-flowing reaches for spring/summer
chinook, which range from 0.95 to 1.0 for this reach. The difference between the Base and Drawdown
columns is quite large in some years, and on average represents about a two-fold increase in upstream
survival with drawdown.

Table 4.5-5: Snake River fall chinook conversion rates.

Year Base Drawdown
1985 0.596 0.975
1986 0.379 0.975
1987 0.376 0.861
1988 0.353 0.975
1989 0.376 0.842
1990 0.378 0.79
1991 0.242 0.732
1992 0.511 0.814
1993 0.56 0.757
1994 0.61 0.782
1995 0.318 0.773
1996 0.367 0.679

Average 0.422 0.830

Hatchery Supplementation

Fall-BSM includes a provision for hatchery supplementation. A historical level of hatchery
supplementation is selected at random, multiplied by effectiveness, and then added directly to the number
of wild spawners. Supplemented fish were not counted towards spawner levels used in assessing the
achievement of jeopardy standards; however, their progeny would be classified as wild spawners in the
next generation and then included in the jeopardy spawn counts. Supplementation is based on random
selection of nine values of Snake River hatchery supplements, which are believed to be characteristic of
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future supplementation levels (they average about 400 fish per year). The current version assumes that
hatchery fish spawn and contribute to future recruitment at an effectiveness equal to values estimated
from the historic data. The effectiveness level for each 100 year simulation is chosen from the posterior
distribution of E. Note that the hatchery supplementation represents adult fish that make it back to the
spawning grounds, not the number of smolts released. The data for hatchery supplementation are shown
in Table 4.5-6. Additions of these supplemented fish can make a substantial contribution to the
probabilities of survival and recovery, under all scenarios. PATH needs to assess how sensitive the results
are to these supplementation assumptions.

Table 4.5-6: Hatchery Supplements. The future supplementation assumptions were based on the U.S. v Oregon
Production Advisory Committee (PAC) production schedule. The Lyons Ferry Hatchery smolt-to-
adult survival rates from the complete brood years (1984-92) were used (along with average
fecundities, female fractions, adult loss, and juvenile loss rates) to generate a series of adult
equivalent supplementation values. Supplementation was characterized in our fall chinook
prospective analyses by randomly sampling from the nine values in the series. See Section 5.3.1.

Brood Year 1984 1985 1986 1987 1988 1989 1990 1991 1992
# hatchery fish in adult equivalents 0 197 910 321 792 526 341 126 550

Carrying Capacity Under Drawdown

The program contains an option for habitat increase for Snake River stocks under drawdown of the Snake
River dams. The increased habitat is modeled by a reduction in the Ricker b coefficient by a factor of 1.77
whenever Snake River spawners are above 18,000. The 1.77 factor is based on a 77% increase in potential
spawning habitat after drawdown, calculated from the change in length of unimpounded river miles (Earl
Weber, unpub.); this indicated a 77% increase. However, the McNary to Lower Granite reach has not
generally been used for spawning by Snake River chinook, even prior to the Snake River dams, and is
considered to be suboptimal spawning habitat (H. Schaller, pers. comm.). Therefore, we assumed that this
reach would only be used for spawning if the population reached higher levels than recorded in the run
reconstructions. The highest estimated number of spawners was 17,655 in 1968, which was rounded to
18,000 as an estimate of current carrying capacity. A sensitivity analysis was made with a version of the
program that did not include a habitat increase (Section 6.3.1).

At present there is no increase in spawning habitat for Snake River fall chinook (SRB) with John Day
drawdown, as it is assumed that Snake River fish would proceed upstream to their historic spawning area.
John Day drawdown would, however, likely produce an increase in productivity (Ricker a) and carrying
capacity (Ricker 1/b) for the Hanford stock (HYURB). At present this change in the Hanford stock has
not been implemented, though it will be implemented in future.
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5.0 Description of Uncertainties and Assumptions

5.1 Overview

Although PATH has made significant progress in compiling and reviewing data sets for Snake River fall
chinook, there remains a large discrepancy between the quantity and quality of data for fall chinook and
for Snake River spring/summer chinook. In addition, fall chinook experience greater harvest and hatchery
impacts than Snake River s/s chinook, which complicate estimation of life-cycle survival rates. Specific
examples of Snake River fall chinook data that are poorer than spring/summer chinook include:

Χ length of time series of spawner-recruit information (27 years for fall chinook; 33-38 years for
Snake River s/s index stocks);

Χ reach survival estimates (4 years of studies for fall chinook; 19 studies over 30 years for s/s
chinook); and

Χ transportation studies (none for fall chinook; numerous studies between 1968 and 1995 for s/s
chinook).

PATH work over the last two years has helped to assess the quality and quantity of available data, and
identify some key data gaps which should be the focus for data collection programs (for example, the lack
of transportation studies for Snake River fall chinook). In the future, PATH plans to participate in the
design of those programs and evaluation of their ability fill critical data gaps within a reasonable amount
of time.

The lack of data, and differences in their interpretation, lead to various uncertainties that are incorporated
into the PATH decision analysis. There are three general ways in which uncertainties are treated in the
PATH analyses. The first treatment is to estimate parameter values for an uncertain parameter in the life-
cycle model, based on the spawner-recruit and other estimates. Examples of these uncertainties include:

1. estimates of productivity parameters (Ricker a and b);

2. E (spawning effectiveness of hatchery-origin spawners relative to wild spawners);

3. D (post-Bonneville survival of transported fish relative to non-transported, estimated in the Fall-
D model only); and

4. STEP (STEP function in post-Bonneville survival, estimated in the Fall-S model only).
Uncertainties treated using this approach were described in Section 4.5.

The second treatment is to formally incorporate the uncertainties into the decision analysis framework,
and conduct a systematic assessment of their effects on outcomes of actions in conjunction with all
combinations of alternative hypotheses and uncertainties. Alternative hypotheses reflect reasonable
explanations of existing information. This treatment provides a comprehensive consideration of the
effects of these uncertainties on outcomes, but requires considerable time and effort. The third treatment
is to conduct a limited sensitivity analysis of an uncertainty by looking at the effects of alternative
hypotheses for a given uncertainty on the outcomes of actions, in conjunction with a small subset of other
assumptions. This provides a quicker but less comprehensive assessment of the effects of uncertainties
that are thought to be less important than those that are formally incorporated into the decision analysis,
when the existing information is insufficient to develop reasonable alternative hypotheses, or when there
has not been sufficient time to coordinate the development of those hypotheses through the PATH
process.
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The set of assumptions and uncertainties incorporated into the decision analysis framework, either
formally or through sensitivity analyses, has changed from the set described in the PATH FY98 Final
Report. The revised set is a result of the PATH review of the original set of assumptions, and additional
analyses that have been completed since the FY98 Report was published. There are six uncertainties that
are formally incorporated into the decision analysis, and five that are treated through sensitivity analyses
(Table 5.1-1). More details on the alternative hypotheses can be found in Sections 5.2, 5.3, 6.3, and in
Appendix A.

Table 5.1-1: Set of uncertainties considered for fall chinook. (section in which the uncertainty is described is in
parentheses).

Uncertainty
Hypothesis

Label Description
Uncertainties formally incorporated into the decision analysis

PMOD1 CRiSP estimates of in-river survival (Vn) and proportion transportedIn-river survival assumptions
(Passage Models)
(4.3) PMOD2 Fall FLUSH estimates of in-river survival (Vn) and proportion transported

D1 Retrospective D value estimated from spawner-recruit data, prospective D value fixed at 0.24
D2 Retrospective D value fixed at 1.0, prospective D value fixed at 1.0
D3 Retrospective D value estimated from spawner-recruit data, prospective D values drawn from

distribution of retrospective D

Survival of transported fish
outside of the hydrosystem
(D)
(5.3.2, Appendix A)

D4 Retrospective D value fixed at 0.20, prospective D value fixed at 0.20
Regime shift STEP estimated, D value externally specified

Extra mortality related to cyclical climatic conditions
Here to stay STEP estimated, D value externally specified

Extra mortality will continue at current levels

Survival of non-transported
fish outside of the
hydrosystem
(5.3.3)

Hydro STEP estimated, D value externally specified
Extra mortality here to stay unless dams are removed

PRER1 Snake River dams: 3 years
John Day dam: 10 years

Duration of pre-removal
period under drawdown

PRER2 Snake River dams: 8 years
John Day dam: 15 years

EJUV1 Snake R.: Survival rate through drawndown reach = 0.67
John Day: Survival rate through drawndown reach model-driven: determined by removing
forebay and tailrace predation, keeping FTT at current impounded levels

Equilibrated juvenile survival
rate under drawdown
(5.2.2)

EJUV2 Snake R.: Survival rate through drawndown reach = 0.89
John Day: Survival rate through drawndown reach model-driven: determined by removing
forebay and tailrace predation, FTT=WTT

TJUVa Survivals reach equilibrated values 2 years after dam removal
(for drawdown of Snake R. and John Day dams).

Transition Period: Juvenile
survival
(5.2.3) TJUVb Survivals reach equilibrated values 10 years after dam removal

(for drawdown of Snake R. and John Day dams).
Life stages modeled by passage models (changed from previous draft - see note below)
Uncertainties assessed through sensitivity analyses (see section 6.3.3)

HARV1 Current ocean harvest schedule / current in-river harvest schedule
HARV2a Current ocean harvest rates X 1.15 / current in-river harvest schedule
HARV2b Current ocean harvest rates X 0.85 / current in-river harvest schedule

Ocean / in-river harvest
scenario
(5.3.4)

HARV3 Current ocean harvest rates X 0. 50 / current in-river harvest schedule
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Uncertainty
Hypothesis

Label Description
HARV4 Current ocean harvest rates X 0. 50 / current in-river harvest rates X 0.50 at lower abundance

levels, upper tier harvest rates not allowed until recovery threshold exceeded by 50%
HARV5 Current ocean harvest rates X 0. 25 / current in-river harvest rates X 0.50 at lower abundance

levels, upper tier harvest rates not allowed until recovery threshold exceeded by 50%
Effectiveness of predator
removal program

TJUVa Survivals reach equilibrated values 2 years after dam removal
(for drawdown of Snake R. and John Day dams).

Increase in spawning habitat
following Snake River
drawdown

TJUVb Survivals reach equilibrated values 10 years after dam removal
(for drawdown of Snake R. and John Day dams).

Adult upstream conversion rates in unimpounded reaches
Bypass and direct transport survival of smolts
Implications of future changes in transport conditions for prospective D values

1. In-river survival assumptions – uncertainty in direct survival of in-river fish from the face of LGR
dam to below BON, the partitioning of in-river survival between dam and reservoir survival, and the
proportion of smolts transported.

2. Survival of transported fish outside of the hydrosystem – uncertainty in the survival of transported
smolts once they leave the hydrosystem (i.e. below Bonneville dam), relative to survival of non-
transported smolts. The ratio of post-Bonneville survival of transported fish to non-transported fish is
referred to as the “D” value. Earlier fall chinook analyses suggested that this was the most critical
uncertainty, yet we have almost no data with which to directly estimate the D values for Snake River
fall chinook. Therefore, we have developed 4 scenarios for D, intended to bracket the range of
plausible values:

D1. D values were low prior to 1992, and are estimated from the spawner-recruit data. After
1992 and in the prospective scenarios, the D value is assumed to be 0.24 based on recent
analyses of PIT-tag data. The increase in D after 1992 is assumed to be the result of
changes in transportation methods.

D2. D values were high (1.0) prior to 1992, and will continue at this level after 1992 and in the
prospective scenarios. The D value of 1.0 is based on analyses of transportation studies
conducted on Hanford fall chinook at McNary dam, and on estimates of SARs for Snake
River fall chinook.

D3. D values were low prior to 1992, and are estimated from the spawner-recruit data. After
1992 and in the prospective scenarios, the D value is assumed to remain at the low values
estimated from the spawner-recruit data.

D4. D values were moderate (around 0.2) prior to 1992, and will continue at this level after
1992 and in the prospective scenarios. The 0.2 estimate is based on recent analyses of PIT-
tag data

3. Survival of non-transported fish outside the hydrosystem – we have explored three potential factors
that affect survival of non-transported fall chinook outside of the hydrosystem. These hypotheses
were implemented using a STEP function estimated from the spawner-recruit data. Further details
about these hypotheses and how they were implemented in provided in Section 4.3 of this report.
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a) Regime shift – This hypothesis is similar to the regime shift hypothesis for spring/summer
chinook (Section A.3.3.3, Preliminary Decision Analysis Report), which says that the
survival outside of the hydrosystem is related to periodic changes in climatic conditions.

b) Here to stay –Various factors are hypothesized to have permanent effects on fish populations,
regardless of management actions (see Section A.3.3.2 for the analogous extra mortality
hypothesis for spring/summer chinook).

c) Hydro – This hypothesis says that the factors that affect survival outside of the hydrosystem
are related to the hydrosystem, and will persist in the future unless dams are removed.

Implementation in the life-cycle model – Hypotheses a, b, and c are implemented using an extra
mortality factor (“STEP”) that is estimated by the life-cycle model from spawner-recruit data.
Because the contrast in the data is not sufficient to estimate both D and the STEP function, the STEP
hypotheses can only be implemented when the D value is not estimated from the spawner-recruit
data. Therefore, these hypotheses were only explored in conjunction with D hypothesis #2 and #4,
because those were the only D hypotheses in which D was not estimated from the spawner-recruit
data.

4. Length of Pre-Removal Period – the duration of time between a decision to proceed with drawdown
and actual removal of dams (pre-removal period) due to uncertainty in the Congressional
appropriations process and the possibility of litigation. We used the same assumptions as for
spring/summer chinook (3 or 8 years for Snake River dams, 10 or 15 years for John Day Dam).

5. Juvenile survival rate through drawndown once river has reached equilibrium conditions after
drawdown – uncertainty in the long-term physical and ecological effects of drawdown (e.g. change in
density of predators). We considered two hypotheses (an upper bound and a lower bound) intended to
bracket the range of possible responses.

6. Length of Transition Period – duration of period between completion of dam removal and
establishment of equilibrium conditions in the drawndown section of the river (transition period),
reflecting uncertainty in the physical and biological responses to drawdown (e.g. short-term response
of predators, release of sediment). We used two assumptions for fall chinook, 2 years and 10 years.

Uncertainties 4, 5, and 6 only apply when projecting the effects of drawdown to natural river of the four
lower Snake River dams (option A3) and of the four Snake River dams + John Day Dam (option B1).

Note on life stages modeled by passage models:

In an earlier version of the fall chinook analysis, we had considered two hypotheses about the migration
and rearing behavior of fall chinook smolts through LGR reservoir. This was included because in the PIT-
tag experiments that produce the reach survival estimates used by the passage models, juveniles are
tagged above Lower Granite pool, before they begin actively migrating through the hydrosystem.
Therefore, there is no way to know when fish enter Lower Granite reservoir as active migrants. This
affects estimates of fish travel time, subsequent survival rates through Lower Granite reservoir and,
ultimately, the entire hydropower system.

In the current analysis, we have simplified the passage models by starting them at the face of LGR dam
(see section 4.1 above for an explanation of why this was done). The effect of this is that uncertainty in
survival through LGR reservoir is captured in the distribution of the Ricker “a” parameter that is
estimated in the life-cycle model through retrospective analyses (see section 4.5 and 6.1.2). Therefore,
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specific hypotheses in the passage models about the survival of smolts through LGR reservoir are no
longer relevant, and the two hypotheses about the behavior of smolts through this portion of the
hydrosystem were not implemented in this version of the analysis.

Note on Effectiveness of Predator Removal Program:

In an earlier version of the fall chinook analysis, we had considered two hypotheses about the
effectiveness of the northern pikeminnow reduction program in reducing mortality on juvenile salmon
caused by predation. One hypothesis (PREM1) was that the program has had no effect (i.e. resulted in 0%
reduction in predation mortality), the other (PREM2) was that the reduction in predation mortality on
juvenile salmon has averaged around 15%. The results of the earlier analysis suggested that these two
hypotheses had very little effect on the results. Therefore, for expediency we have only modeled the
PREM2 hypothesis (average 15% reduction in predation mortality) in this round of analyses. We
emphasize that the exclusion of the PREM1 hypothesis was simply for expediency, and is not intended to
suggest that the 15% reduction hypothesis is more likely than the 0% reduction hypothesis. We have
included arguments for and against both hypotheses in section 5.2.1, and conduct a sensitivity analysis in
section 6.3 to demonstrate that the selection of one hypothesis or another has little effect on results.

5.2 Passage-Related Uncertainties

5.2.1 Reduction in Predation Mortality

Note: For expediency, we have only implemented the upper bound hypothesis in this version of
the analysis. However, we are including this summary of evidence because we have not
made any determinations of the relative likelihood of the two hypotheses.

The goal of the northern pikeminnow management (NPM) program has been to remove 10-20% of the
largest northern pikeminnow in the system, and to thus increase the number of salmonids surviving
through mainstem migration. This uncertainty relates to what the effectiveness of this program has been
and will be in the future. For modeling purposes, we have quantitatively defined effectiveness as the
reduction in mortality (relative to 1991 levels) imposed on fall chinook smolts by northern pikeminnow.
We have defined two alternative hypotheses about what this reduction in predation mortality is: 0% (i.e.
the NPMP is having no effect on predation mortality), and 15% (overall reduction) reduction in predation
mortality.

0% Reduction in Predation Mortality (Lower Bound)

Because the NPMP is designed to remove only part of a predator population (i.e. the largest northern
pikeminnow), compensatory response(s) of the remaining predators (e.g. increased reproductive output,
increased growth rate, or increased consumption of certain prey species) must be considered. These
responses, if they occur, could reduce or negate the effectiveness of the predator control program. The
possibility of compensatory responses is the basis for modeling a lower bound assumption of the northern
pikeminnow management program having no effect on predation mortality on juvenile salmonids.

The northern pikeminnow management program has been evaluated across relatively large spatial units
for various types of compensation and thus far none have been detected. However, responses could be
occurring undetected at local scales, where competition and predation theory would predict that a
decrease in predator density along with an increase in prey density would lead to an increase in the rate of
predation. Analyses of predator-prey data in the Columbia River collected on short transects suggested
that reductions in predator density caused the consumption rate on juvenile salmon by northern
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pikeminnow to increase (J.H. Petersen, unpublished report). Northern pikeminnow are also known to be
highly responsive to rapid changes in the local density of salmonids. Upriver removal of predators may be
causing an increase in the number of surviving salmonids migrating through downriver reservoirs or
through the reach below Bonneville Dam. If this increased prey density is adequate to stimulate increased
feeding by downriver predators, the benefits of the removal program would be reduced or negated.

Average 15% (Overall) Reduction in Predation Mortality (Upper Bound)

Researchers at the Oregon Department of Fish and Wildlife estimated the reduction in predation mortality
due to the Northern Pikeminnow harvest management program based on exploitation and consumption
information. Total and age specific exploitation rates for Northern Pikeminnow were available for the
years 1990-1998 (the predator reduction program began in 1990). Three separate estimates of reduction in
predation mortality were generated using the lower, mid-point, and upper end of the range of estimated
total exploitation rates. Consumption information used in the analysis was collected in field studies from
1992-98. The predator mortality reduction estimates are relative to the pre-1991 predator mortality levels
and are for Snake River yearling and subyearling migrants. The reductions have been estimated system
wide and have been broken out by area for Snake River chinook. These reductions should only apply to
the Northern Pikeminnow populations.

Based on this analysis, the estimated reduction in predation mortality due to Northern Pikeminnow
averaged 12.4% (across all areas and years) relative to pre-1991 level of predation mortality using the
lower end of estimated exploitation rates, 15% using the mid-point, and 17.5% using the upper end of
estimated exploitation rates. The estimate of reduction in predation mortality based on the mid-point of
estimated exploitation rates (overall estimated exploitation rate was 15%) was chosen as the upper bound
for the PATH analysis. The average 1995-2006 predation reduction mortality estimated by reach by year
was implemented in the passage models for prospective analysis (Table 5.2-1).
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Table 5.2-1: Estimated reduction (reduction relative to pre-1991 levels) in predator mortality due to the
Northern Pikeminnow harvest management program. Predation is estimated for age 5-16 year old
pikeminnow. The mortality reduction estimates are for the mean total pikeminnow exploitation
rate estimates.

Mid Estimate for % Reduction in Northern Pikeminnow Mortality from Pre-1990 Levels
Year Below Bon Bon TDA JDA MCN ICE LMO LGO LGR System
1990 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
1991 0.0% 0.6% 0.6% 6.5% 0.9% 0.0% 0.0% 0.0% 0.0% 0.6%
1992 2.9% 10.0% 27.2% 12.5% 2.0% 13.7% 8.3% 5.7% 0.0% 6.4%
1993 7.6% 21.7% 27.4% 18.1% 1.6% 10.7% 10.5% 12.9% 0.0% 11.5%
1994 7.8% 18.5% 27.4% 19.8% 1.3% 8.0% 9.9% 12.2% 0.0% 11.3%
1995 12.0% 17.3% 28.3% 18.6% 0.9% 5.8% 8.4% 12.8% 0.0% 14.0%
1996 15.5% 15.4% 30.9% 14.0% 0.7% 4.1% 7.8% 11.5% 0.0% 16.1%
1997 16.0% 14.8% 32.9% 13.6% 0.4% 2.7% 5.4% 12.4% 0.0% 16.5%
1998 14.1% 14.9% 29.8% 9.9% 0.3% 1.7% 3.6% 8.8% 0.0% 14.7%
1999 12.9% 15.2% 30.5% 6.8% 0.1% 0.9% 2.3% 6.1% 0.0% 13.7%
2000 13.6% 15.1% 30.6% 7.4% 0.1% 0.4% 3.1% 6.4% 0.0% 14.2%
2001 14.1% 15.0% 30.6% 8.0% 0.0% 0.2% 3.7% 6.7% 0.0% 14.6%
2002 14.5% 14.9% 30.7% 8.5% 0.0% 0.0% 4.1% 6.9% 0.0% 14.9%
2003 14.8% 14.7% 30.6% 9.0% 0.0% 0.0% 4.4% 7.0% 0.0% 15.1%
2004 15.0% 14.6% 30.8% 9.3% 0.0% 0.0% 4.6% 7.1% 0.0% 15.2%
2005 15.1% 14.5% 30.9% 9.5% 0.0% 0.0% 4.7% 7.2% 0.0% 15.3%
2006 15.1% 14.5% 30.9% 9.7% 0.0% 0.0% 4.8% 7.2% 0.0% 15.3%
1995-2006
average change 14.4% 15.1% 30.6% 10.4% 0.2% 1.3% 4.7% 8.3% 0.0% 15.0%

1992-2006
average change 12.7% 15.4% 30.0% 11.6% 0.5% 3.2% 5.7% 8.7% 0.0% 13.9%

5.2.2 Equilibrium Juvenile Survival in Free-Flowing Reaches Following Drawdown

For modeling purposes, PATH has assumed that the survival rate of juvenile salmonids in the drawndown
reach will experience some initial transitory response to changes in river conditions following drawdown
(see Section 5.2.4 for explanation of alternative hypotheses on the length of this transition period), but
will eventually attain some equilibrium mean value once the immediate transitory effects have dissipated.
This uncertainty is related to the value of those equilibrium survival rates.

Snake River drawdown

For the Snake River dams, we considered two hypotheses about the survival rate of juvenile fall chinook
in the free-flowing reach of river created by drawdown of the four Lower Snake River dams. The two
hypotheses were intended to bracket the range of possible responses, and were based on per-km survival
estimates from the free-flowing Snake R above Lower Granite Dam. The reach used to generate these
estimates include both a free-flowing and an impounded section of river. Therefore, estimating a free-
flow only survival rate from the empirical measurements requires an assumption about the distribution of
mortality between the free-flowing and impounded sections of the experimental reach. Different
assumptions are possible, and these different assumptions lead to different hypotheses about the current
level of survival in the free-flowing Snake R.
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The upper bound equilibrium juvenile survival rate was estimated from NMFS’s reported survival rate
estimates for PIT tagged fall chinook in 1998, 1997, and 1995 (Muir and Smith 1998, Muir et al. 1998).
The value was computed by comparing survival rates from different points of release in the Snake River
above the confluence of the Snake and Clearwater Rivers. The ratio of the survival rate estimate for the
upstream release site (Pittsburg Landing – “PL”) to that of the downstream release site (Billy Creek –
“BC”) was used to derive free-flowing Snake River survival estimates. The method was to calculate this
ratio for each release group, and then take the average of all of these ratios to get an estimate of survival
of the PL to BC reach. One release group was omitted because it was late in the season and showed a
large difference in survival rate, with upstream releases surviving at a rate ~ 77% greater than
downstream release sites (Muir et al. 1998). The length of the PL to BC reach (81 km) is then used to
obtain a per km survival rate, which equals 0.9995. This per km value can then be expanded to the length
of the drawndown reach under prospective scenarios A3 and B1 (224 km from head of LGR reservoir to
the confluence of the Snake and Columbia Rivers). This results in 89.6% survival over the drawndown
Snake River reach.

The rationale for this upper-bound estimate for retrospective and prospective survival rate for the free-
flowing Snake River is several-fold. In the absence of dams, as in the current free-flowing reach, there
will be no more direct mortality from turbine, bypass, or spill passage. Nor will there be forebays, bypass
outfalls, spill, BRZs, or tailraces which delay and/or concentrate smolts so that predators can easily target
them. There would be no descaling due to screen impact, or other dam passage effects. The greater water
velocity will likely result in faster passage of smolts through the free-flowing reaches than during
impoundment. Increased turbidity due to faster water velocity may also help to lessen the effectiveness of
predators. Temperatures in the reach may also be lower, reducing the metabolic rate and consumption rate
of predators.

The method for deriving a lower bound was based on the premise that survival from release to Lower
Granite for fish released at Pittsburgh Landing encompasses survival through the free-flowing snake (the
122 km from release to the head of Lower Granite Pool and a “project” survival through Lower Granite
Pool and Dam. After the project survival is divided out of the total survival, the free-flowing survival
remains. To estimate Lower Granite project survival, we used the mean survival through the two projects
below Lower Granite: Little Goose and Lower Monumental.

Because we are interested in the survival of wild Snake River fish, and the Pittsburgh Landing releases
were hatchery fish, we weighted each survival estimate by the proportion of the total run of wild fish that
were sampled in the period that included the release date as its midpoint. In addition, each survival
estimate was weighted by the inverse of the “relative” variance. The relative variance is defined as the
variance divided by the estimated survival. This removes some of the bias of lower survivals having
lower variance (Steve Smith, NMFS, pers. comm.). For this weighting, the variances were from survival
through the entire segment (release to Lower Monumental) since all this information was used in the
estimates. Both these weights were normalized to add up to 1.0 so that neither weight would have more
influence than the other.

Separate estimates of survival through the free-flowing reach were made for each release (19 total) during
the years 1995-1998. Each of these estimates was then weighted before the geometric mean of all the
estimates was computed. The estimate of free-flowing survival through upper snake reach was than
expanded on a per km basis to reflect survival through the entire lower Snake River (from the confluence
of the Clearwater to the confluence of the Columbia, 222 km).
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The weighted calculation using this method arrived at an estimated lower bound survival rate of 0.61.
This was the value used in all of the retrospective and prospective runs. The details of the final calculation
along with the spreadsheet will be posted on the fall chinook web page.

John Day Drawdown

An upper and lower bound was also modeled for John Day drawdown. Because no current free-flow or
pre-dam survival rate estimates are available for the John Day reach, the upper and lower bounds were
implemented through alternative passage model assumptions in the John Day reach. Both the upper and
lower bound rates included the assumption that direct dam mortality and predation mortality in the boat-
restricted zone (BRZ) at John Day Dam would be eliminated after drawdown. The upper bound runs
included the assumption that the fish would respond to faster water velocities by moving proportionally
faster than they would through the impounded reach. The lower bound implementation did not include
any decrease in fish travel time due to drawdown; i.e. it assumed that travel times through the drawndown
reach will remain at their current (impounded) levels, despite the increase in water velocity. For FLUSH,
WTT was derived from an impounded reservoir, and in CRiSP WTT was derived from a drawn-down
reservoir. In both the lower and upper bound cases smolt mortality rate per day at a given temperature
was identical to that of the impounded (reservoir) John Day rate.
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Note on implementation of equilibrium free-flow survival rates:

Some PATH participants have suggested that equilibrium free-flow survival rates through unimpounded
reaches following drawdown should be modeled with variability to reflect effects of low and high flow
years on survival. Currently, the survival rate in the unimpounded reach during drawdown scenarios is
fixed at either its upper or lower bound, while survival in the impounded reach (i.e. MCN-BON) includes
the effects of flow. Including this variability would require estimates of the variability around recent
survival rates estimated in the free-flowing reach of river above LGR reservoir, on which the upper and
lower bound hypotheses are based.

5.2.3 Duration of Transition Period Following Drawdown

The length of the transition period represents the amount of time it takes before initial transitory responses
of the river system to reservoir drawdown have dissipated, and the survival of juvenile fall chinook in the
unimpounded river achieves some quasi-steady-state condition, given natural variability in flows and
other characteristics of the river (this steady-state condition is referred to as the equilibrium period). The
uncertainty incorporated into the PATH analysis reflects:
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1. uncertainty in identifying those responses and river characteristics that have the most influence on
survival of fall chinook smolts; and

2. uncertainty in the amount of time over which these attributes will have transitory effects on
survival rates of fall chinook juvenile salmon in the unimpounded Snake River following
drawdown.

Because different river characteristics related to fluvial geomorphological restoration and biological
function will respond differently to drawdown, and over different time periods, the attributes that one
assumes will have the most effect on juvenile salmon survival will determine how long it will take before
survival rates achieve their long-term levels.

We have included two alternative hypotheses about the time it will take for juvenile fall chinook salmon
survival to achieve equilibrium values. Hypotheses were developed by a PATH sub-group with
representatives from State and Tribal Fisheries Agencies, US Geological Survey - Biological Resources
Division, and the U.S. Army Corps of Engineers.

Two main mechanisms were identified that would affect the rate of change for sub-yearling fall chinook
from impounded survival to unimpounded survival; establishment of prey allowing maximizing growth
rates during rearing, or minimizing predation. An upper and lower bound was set for the time required to
for this rate of change in survival based on the time required for the subyearling prey and predators to
respond to drawdown of the Lower Snake River dams.

Transition Period = 2 Years

The ability of subyearling chinook to reach equilibrium survival after drawdown may be dependent on the
availability of prey items. Colonization of aquatic invertebrates can occur rapidly. Gore (1979) measured
the time required for an insect community to be re-established in a reclaimed section of stream that was
destroyed and filled after it had been strip mined. He found colonization of diptera and ephemeroptera
within 14 days after water was diverted into the reclaimed section. The entire insect community was
established within 90 days. Recolonization in streams destroyed from the eruption of Mt. St. Helens
occurred over similar time scales although some of the larger insects required a few years to re-establish
(Lamberti et al. 1992; Hawkins and Sedell 1990). While the unimpounded Snake River will require
colonization at a much larger scale, these studies illustrate the high resiliency of insects to re-establish in
highly disturbed habitat.

The transition time required for the unimpounded riverine environment to achieve an insect community
similar to the above free-flowing sections is difficult to predict. According to preliminary estimates of
river responses to drawdown by Batelle Northwest Laboratories (see Submission 13 in the PATH Weight
of Evidence Report), most physical characteristics of the river are expected to respond to drawdown in the
first few years following drawdown. Increase of interstitial spaces may take longer depending on how
embedded the larger substrates are (Hanrahan et al. 1999, in review). Some of the larger insects such as
stoneflies may require these more complex surfaces to establish at free-flowing equilibrium densities.
How important benthic complexity is for the re-establishment of the full insect community as realized by
a sub-yearling chinook is difficult to predict.

Diet information suggests that subyearlings are very opportunistic predators. In McNary reservoir,
amphipods and adult insects were the major components of the subyearling diet (Tiffan unpub data). In
John Day reservoir, juvenile shad and flying ants comprised the majority of the diet (Tiffan unpub data).
In the free-flowing Snake River subyearling diets consist of diptera (22%), ephemeroptera (17%),
trichopterans (22%), and adult terrestrial and aquatic insects (26%) (Tiffan unpub data). Due to their
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ubiquity and high dispersal rates dipterans and ephemeropterans are found very early in stream
colonization (Gore 1979; Hawkins 1988). Trichopterans were found in abundance in the two-week
experimental drawdown of LGR. This information suggest that food resources found in the diets of
subyearlings in the free-flowing section of the Snake River will likely be available within the first year of
drawdown. Given that several food resources may already be available with a possible increase in insect
diversity and abundance occurring rapidly after drawdown, food resources may not even be a limiting
factor in the survival of rearing and migrating subyearling chinook (Tiffan pers. comm.). In free-flowing
sections of the Snake River, subyearlings incorporate a large portion of terrestrial or aquatic adult insects
into their diet. While not fully utilizing the benthic prey, subyearling chinook are growing at near
maximum rates (1.4 mm/day; Connor et al. 1997).

Predation is the other factor that may have a large impact on the transition period (Pacific Northwest
Laboratory 1995). Research on major predator species (northern pikeminnow and smallmouth bass; Ward
et al. 1995; Bennett et al. 1997; Petersen et al. in review) in unimpounded and reservoir reaches suggests
that predator behavior is quite flexible, and populations will likely adapt quickly. In reservoirs throughout
the Columbia River system, the diets of predators vary considerably, and often includes large proportions
of preyfish (non-salmonids), crayfish, and other macroinvertebrates. In the free-flowing Snake River
above Lower Granite Reservoir, a reasonable physical model for the Lower Snake River following
drawdown (i.e. similar gradients, riffle:pool ratio, substrates, etc.), the diets of northern pikeminnow and
smallmouth bass included <10% and <5% respectively, salmonids and often included relatively high
percentages of mobile preyfish. We anticipate that populations of preyfish, such as sculpins and suckers,
would remain relatively constant, perhaps following some transient changes during the first few years.
Changes in the predator behavior to that observed in unimpounded geomorphologic and hydraulic
conditions that can occur very rapidly are reflected in the two-year transition hypothesis.

Transition Period = 10 Years

Re-establishment of benthic macroinvertebrate communities that would supply food items to rearing fall
chinook juveniles may require more than two years (Pacific Northwest Laboratory 1995). The
zooplankton that currently provide some food in the reservoir passage environment would be virtually
eliminated and the chironomid population that provides the majority of presmolt food during rearing
would be proportionally reduced immediately following drawdown (Wik et al. 1993; Normandeau
Associates Inc. 1999, in review). In comparison to estimated reach survivals through the impounded
reservoirs of the lower Snake River (NMFS PIT-tag detection studies, Muir 1999), reach survival
estimates for subyearling smolts could decrease for a couple of years following drawdown. Such a
decrease could result from the loss of habitat of primary prey species habitat prior to the establishment of
alternative macroinvertebrate prey species diversity. Suitable macroinvertebrate habitat may not be
restored in the near-term due to mechanisms such as natural frequencies of low flows and higher water
temperatures (Pacific Northwest Laboratory 1995).

Establishment of macroinvertebrate communities (as found in the unimpounded reaches of the Clearwater
and Snake rivers above Lower Granite reservoir) require a more diverse composition of hard substrate
(i.e. rocks, cobbles) on the river bottom than is found in the reservoirs (Bennett et al. 1997). Therefore, re-
establishment of these communities will require scouring out of reservoir sediments and re-establishment
of certain attributes, such as opposing bars and backwaters in rearing areas to create suitable habitat.

An important uncertainty in how long it will take to re-establish macroinvertebrate communities depends
on whether the Army Corps of Engineers adopts an "active" or "passive" approach to sediment
management following drawdown (Pacific Northwest Laboratory 1995). An "active" approach involves
increasing the frequency and magnitude of scouring-type flows and/or mechanically breaking up
accumulated sediments to accelerate the rate of sediment removal and establishment of fluvial maintained
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geomorphological habitat attributes in these key areas. Estimates provided in the Battelle matrix
(Submission 13 to the Weight of Evidence Report) assumes an active approach with low to moderate
flows and therefore may underestimate expected response to drawdown of most physical characteristics
of the river (Hanrahan et al. 1999, in review). A "passive" approach does not attempt to accelerate
sediment removal, either mechanically or by increasing flow, but relies on average operating flows to
remove sediment. Such a scenario is possible if augmented flows are reduced once fish travel times have
decreased due to the reduction in the wetted perimeter of the drawndown channel, and/or the plumbing of
the Hell's Canyon dams does not allow water releases of the magnitude required to unconsolidate the
substrate.

The sub-group hypothesized that the response of macroinvertebrate communities over time would be non-
linear where the initial rate of response is accelerated. With an active approach, the sub-group estimated
that re-establishment of some important macroinvertebrate communities could be largely completed in the
first few years following drawdown and fully completed within a weighted average period of 10 years.
With a passive approach, the sub-group estimated that about 80% of the fluvial geomorphological
attributes required to restore macroinvertebrate habitat suitable for increased diversity could occur within
less than ten years. This fluvial process could take up to 20 years to achieve a quasi-equilibrated sediment
budget with stabilized replacement of such habitat attributes.

Several factors may act to reduce the impacts of drawdown on the re-establishment of macroinvertebrate
communities. First, the sub-group suggested that inflow of prey items from upstream sources may
continue to provide a food supply for fall chinook juveniles while macroinvertebrate communities are re-
establishing in the unimpounded Snake River. Second, the Army Corps of Engineers are expecting to rip-
rap approximately 25% of the recreated original channel to protect from bank erosion. Installation of rip-
rap may interfere with restoration of some channel attributes, but the rip-rap itself may also provide
suitable hard substrate for macroinvertebrates and therefore may speed up re-establishment of
components of these communities.

Changes in predation due to in-river conditions and prey densities may also take longer than two years if
predator demographic rather than a behavioral response determines the amount of predation on
subyearlings. Early life history stages of predators are known to occur in a variety of reservoir and
riverine habitats, and juvenile predators were quite abundant in the free-flowing Hanford Reach during
1998 (Petersen et al. in review). Based on a generation time of about 3-4 years, mobility of predators, and
a source of reproductive adults above the 4-dam reach, predator populations will likely recover and
stabilize within 10 years after drawdown. The sub-group concluded that, except for the immediate effects
of dam removal (high turbidity, etc.), the feeding behavior, densities, population dynamics of major
predator species would likely stabilize within 10 years.

Based on these mechanisms and estimated times of responses, the sub-group concluded that 10 years was
a reasonable upper bound hypothesis for transition timing. This time period reflects the time required for
re-establishment of most macroinvertebrate communities with a passive management approach, and
assumes that the mitigating effects of upstream food sources and installation of rip-rap will be minimal.
10 years also reflects the expected response time of predator populations to the change from impounded
to unimpounded river conditions.
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5.3 Other Alternative Hypotheses

5.3.1 Supplementation Scenarios

For almost two decades, hatchery fish have spawned above Lower Granite dam. In recent years, the
naturally spawning Snake River fall chinook population above Lower Granite Dam has been
supplemented by hatchery fish reared at Lyons Ferry Hatchery (a Washington State Department of Fish
and Wildlife (WDFW) hatchery facility located on the north shore of the Lower Monumental Pool). The
source of the hatchery brood stock was from fish collected at Ice Harbor and Lower Granite dams, or fish
that volunteered into the hatchery. Trapping at Ice Harbor Dam was terminated after the 1993 return year.
Starting with the 1990 brood year, the Lyons Ferry fish were “fully” (>95%) marked. This allowed
WDFW to selectively collect Lyons Ferry-origin broodstock at the Lower Granite Dam trap.

A Lower Snake River Compensation Program (LSRCP) supplementation schedule was provided by the
U.S. v Oregon Production Advisory Committee (PAC) (Bob Foster, WDFW, personal communication).
The schedule basically maps out which kind of juvenile release (yearling or subyearling) would be made
at the hatchery or at release sites above Lower Granite Dam. The first 450,000 releases would be
yearlings at Lyons Ferry Hatchery. The next 200,000 releases would be subyearlings at the hatchery. If
more production becomes available, they would start supplementing above Lower Granite Dam with
450,000 yearling releases. Any further production would go into subyearling releases above the dam (up
to 900,000 based on the facility capacity of 2 million).

The future supplementation assumptions were based on the U.S. v Oregon Production Advisory
Committee (PAC) production schedule. The Lyons Ferry Hatchery smolt-to-adult survival rates from the
complete brood years (1984-92) were used (along with average fecundities, female fractions, adult loss,
and juvenile loss rates) to generate a series of adult equivalent supplementation values. Supplementation
was characterized in our fall chinook prospective analyses by randomly sampling from the nine values in
the series. This supplementation schedule provides the number of hatchery spawners in the future; the
relative spawning effectiveness of those spawners is determined by the spawning effectiveness parameter
(E) estimated by the life-cycle model (see section 4.5).

5.3.2 Extra Mortality of Transported Fish

Introduction

In the PATH analyses, specific hypotheses are developed for the relative post-Bonneville survival of
transported fish, compared to non-transported fish. Because most Snake River fall chinook juveniles are
transported, estimates of the relative post-Bonneville survival of transported and non-transported fish are
important in determining the relative efficacy of hydropower actions relying on smolt transportation (i.e.
alternative actions A2 and A2’).

PATH uses the term “D” to denote the ratio of post-Bonneville survival rate of transported fish to that of
non-transported fish. A “D” value of less than one suggests that transported fish have lower post-
Bonneville survival rates than non-transported fish, while a D value of greater than one suggests that
transported fish survive better post-Bonneville than non-transported fish. If D=1, then both transported
and non-transported fish have the same post-Bonneville survival rate.

For spring/summer chinook, it was possible to use transport:control ratios (TCR) resulting from PIT-tag
transportation studies to directly estimate D values for Snake River fish (see Section 4.3.1 in the
Preliminary Decision Analysis Report for Spring/Summer Chinook). However, because no such studies
have been done on Snake River fall chinook, an indirect method is necessary to derive a D value.
Transport:control studies have not been possible for fall chinook because there have not been enough
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returns to estimate survival rates of transported and non-transported fish. The lack of such data to resolve
this critical uncertainty points to the need for rigorously designed research, monitoring, and experimental
management programs to develop better estimates of the effectiveness of transportation. Because the
proportion of fish transported has been consistently high in recent years, experimental manipulation of
transportation would provide useful contrast in the data. PATH has begun to define and evaluate such
programs, and intends to focus on this in the next year.

PATH subgroups have explored five alternative methods for indirectly calculating a D value for Snake
River fall chinook (sections of this report where methods are described in detail are in brackets).
Strengths and weaknesses for each method are summarized in Table 5.3-2.

1. Estimate D from TCRs from 1995 PIT-tag data for Snake River fall chinook (Section A.1) Smolt
to adult returns (SARs) are calculated for hatchery smolts PIT-tagged in 1995. The ratio of SAR
of transported fish to the SAR of non-transported fish can be used to represent a
Transport:Control ratio for that release group.

TCRs are used to calculate D values based on the equation:

D = TCR * Vc [Eqn. 5.3-2]

where:

Vc = Survival of inriver migrants from tailrace of collector project to below
Bonneville (see note below)

2. Estimate D for Hanford Reach fall chinook based on TCRs from transport studies conducted on
Hanford fish at McNary Dam from 1978 to 1983 (Section A.2). TCRs are calculated from mark
and recovery of freeze-branded smolts, then D’s are calculated using the equation above. Vcs
were estimated either from expansion of reach survival estimates or with a passage model
(CRiSP).

3. Estimate D from Snake River fall chinook spawner-recruit data (Section 4.5). D was included as a
term in the stock-recruit function and a distribution of D was estimated based on fits to the
historical spawner-recruit data. For prospective simulations, a D value was selected from this
distribution and used in each prospective year.

4. Estimate D from Snake River fall chinook spawner-recruit data as above, then adjust based on
comparison of spring/summer chinook D values estimated from spring/summer spawner-recruit
data to estimates from spring/summer transport studies (Sections 4.5 and 6.1.2). For spring/
summer chinook, TCR-based estimates of D were generally higher than estimates from spawner-
recruit data (Table 6.1.1-9); these differences were used to inflate the fall chinook D’s estimated
from the spawner-recruit data.

5. Estimate a reasonable bound on D based on SAR estimates for Snake River fall chinook
(primarily Lyons Ferry hatchery fish) and other Columbia River fall chinook stocks (section A.3).

Note on estimates of survival of control fish for Snake River Fall Chinook (Vc):

The survival rate of these control fish (Vc) has not been formally estimated. We approximate Vc by
adjusting Vn (the survival of the in-river migration at large). Vn is measured from the face of Lower
Granite dam, while survival of control fish would be measured from the tailrace of LGR (where control
fish would be released after being tagged). Therefore, a reasonable approximation of Vc is Vn/0.9, where
0.9 is the approximate survival rate of fish through the turbines and bypass at Lower Granite dam.
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Vc estimates are required for Method 1, where TCRs were estimated from PIT-tagged fish, for migration
years 1995 and 1996. Estimated Vcs are shown in Table 5.3-1, based on Vn estimates from the CRiSP
and FLUSH passage models for those years (new versions that estimate from face of LGR dam).

Table 5.3-1: Vc estimates for 1995 and 1996.

CRiSP FLUSH
Year Vn Vc Vn Vc Average Vc
95 0.26 0.29 0.18 0.20 0.24
96 0.29 0.32 0.25 0.27 0.30

Actual Vc estimates used in the analyses were slightly different from these values. For Method 1a, we
used a 1995 Vc value of 0.2 for 1995. This value was based on Vn estimates from the older versions of
the passage models, which produced slightly lower Vn estimates than the current model versions. Because
the value of 0.2 is slightly lower than the average based on the new version of the passage models, the D
value resulting from the analysis (0.24, see Table 5.3-3) is also slightly lower than it would be if the
current Vc values were used. For Method 1b, only FLUSH Vc estimates were used because CRiSP Vc
estimates were not available at the time the analyses were completed.

We have not re-done the D analyses using the more current Vc estimates because:

Χ we have not had time to re-do the required model runs
Χ the difference between the old and new Vc estimates is small compared to the confidence interval

on TCRs estimated from PIT-tag data
Χ D values calculated using the newer Vc estimates with Method 1a and b, although slightly higher

than the current D values, would still be qualitatively different from D values estimated with the
other methods.
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Table 5.3-2: Summary of strengths and weaknesses of alternative methods for calculating D. More details are
provided in Sections 4.4.2 and 4.4.3, and in Appendices A and G.

Method Pros Cons
1 Provides a recent D estimate; reflects recent transport conditions

Data is specific to Snake River fall chinook
Estimated mean D consistent with method 4

Only 1 year of data; not representative of all years
Anomalous environmental and migration timing conditions in
1995
Some smolts overwinter in hydrosystem
Small number of adult returns (adult returns incomplete) = wide
confidence limits
Estimate is based on hatchery fish

2 Able to estimate D directly using transportation studies, similar to
spring/summer chinook method
Uses multiple years of transportation data
D calculated through a T/C has fewer assumptions than D
calculated through the life cycle model

Applicability to Snake River fish is limited - spawning, rearing,
migration, and transportation conditions/methods different for
Hanford fish than Snake River fish
Hanford D estimated from spawner-recruit data (MLE = 1.0 to
1.14) suggests Hanford fish much more resilient to
transportation than Snake R. fish (MLE = 0.02 to 0.05)
Results in poorer fit to spawner-recruit data (Section 6.1.2)

3 Uses spawner-recruit data specific to Snake River fall chinook
Multiple years of data covers wide range of flow conditions
Maximizes historical fit to spawner-recruit data

Prospective D values based on historical spawner-recruit data,
assumes historical transport conditions/methods apply in the
future
Estimates are influenced by 1990 and 1991 data points (6.1.2,
Appendix E)
D estimated from spawner-recruit data is negatively correlated
with E (spawning effectiveness); adds to uncertainty

4 Uses spawner-recruit data specific to Snake River fall chinook
Adjusts for possible bias introduced by estimation method
Estimated D consistent with method 1

Correction method somewhat arbitrary; difference in
spring/summer estimates not necessarily applicable to Snake
River fall chinook
Estimates are influenced by 1990 and 1991 data points (6.1.2,
Appendix E)
D estimate from spawner-recruit data is negatively correlated
with E (spawning effectiveness); adds to uncertainty

5 Consistent with SARs estimated for Snake R. fall chinook
Provides a recent D estimate; reflects recent transport conditions
Data is specific to Snake River fall chinook
Multiple years of data covers wide range of flow conditions

SARs for Snake River fall chinook rely primarily on hatchery fish
from Lyons Ferry Hatchery
Requires some assumptions to estimate LGR-LGR and BON-
BON SARs (don’t have good estimates of FGE and survival to
Bonneville)

Summary of D Values

The estimates of D that resulted from each of the five methods described above are summarized in Table
5.3-3. Estimating D values for Hanford fish from McNary transport data (method 2) produces
qualitatively different estimates than the other three methods. Methods 1, 3, and 4 all produce D values in
the 0 to 0.5 range, while method 2 produces D values ranging from 0.45 to 6.6.
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Table 5.3-3: Summary of T:C and D values resulting from five different estimation methods.

Method
T:C Ratio

Range (mean) Vc
D

Range (mean)
1a 1995 PIT-tag (note 1a) 0.25 to 2.61 (1.18) 0.20 0.05 to 0.52 (0.24)
1b 1995 PIT-tag (note 1b) 0.74 (1995)

0.96 (1996)
0.20 (1995)
0.27 (1996)

0.15 (1995)
0.26 (1996)

2 McNary T:C (note 2) 2.3 to 6.33 0.27 to 0.49 0.45 to 6.6 (1.7)
3 Est. from S/R data (note 3)

CRiSP (Upper)
CRiSP (Lower)
FLUSH (Upper)
FLUSH (Lower)

0.10 to 1.35 (0.15)
0.10 to 1.35 (0.15)
0.10 to 1.20 (0.15)
0.10 to 1.05 (0.25)

0.20
0.20
0.20
0.20

0.02 to 0.27 (0.03)
0.02 to 0.27 (0.03)
0.02 to 0.24 (0.03)
0.02 to 0.21 (0.03)

4 Adj. Est. from S/R data (note 4)
CRiSP (Upper)
CRiSP (Lower)
FLUSH (Upper)
FLUSH (Lower)

0.80
0.80
0.60
0.60

0.20
0.20
0.20
0.20

0.16
0.16
0.12
0.12

5 Est. from SAR analyses Analyses not yet completed (Note 5)

Note 1a: Range represents 5th and 95th percentile of bootstrapped distribution from 1995 data. The survival of
in-river migrants (Vc) has not been formally estimated for Snake River fall chinook; we assumed a
value of 0.2 (see note above). Methods described in Appendix A.1.1.

Note 1b: Methods (described in Appendix A.1.2) generate lower T:C than method 1a. Vc estimated with
FLUSH model; no results were available for the CRiSP model.

Note 2: Range and mean (a geometric mean is used) are the range of annual estimates from 1978 to 1983. Vc
values are for Hanford Reach fish from McNary Dam. Methods described in Appendix A.2.

Note 3: Estimates of D from the spawner-recruit data depend on which retrospective passage assumptions are
used (i.e. CRiSP or FLUSH passage model, assumption about juvenile survival rate in unimpounded
reach). D values, and not T:C ratios, are calculated directly in the life-cycle model. T:C values shown
are implied based on the estimated D and an assumed Vc of 0.20 (see note 1 above). Range represents
the 10th and 90th percentile of the posterior distribution calculated in the life-cycle model; mean is the
maximum likelihood estimate from the posterior distribution.

Note 4. Method 3 corrected based on examination of spring/summer chinook (see Section 6.1.2). As in note 3,
T:C values shown are implied from the estimated D and a Vc of 0.20. No ranges are shown because D
is fixed with this method (see description of fall-S model in Section 4.5).

Note 5. One approach to considering SAR information in calculating D values is to jointly estimate D in the
life-cycle model from both the spawner-recruit and the SAR data. We have not yet completed this
analysis.

D Hypotheses

The D values summarized in the table above were used to develop 4 alternative D hypotheses. These
hypotheses are intended to reflect hypotheses about the magnitude of D in both the retrospective (1965-
1992), and prospective (1992-) periods. The four hypotheses are summarized in Table 5.3-4, followed by
more detailed descriptions and rationales for each.
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Table 5.3-4: D hypotheses.

Scenario Retrospective D Prospective D Evidence
D1 drawn from posterior distribution of D

values (MLE values around 0.05)
0.24 (Note 1) spawner-recruit data (retrospective), 1995

PIT-tag estimates (prospective)
D2 1.00 1.00 MCN T:C estimates, NMFS analysis of

SARs (retrospective and prospective)
D3 drawn from posterior distribution of D

values (MLE values around 0.05)
drawn from posterior distribution of D
values (MLE values around 0.05)

spawner-recruit data (retrospective and
prospective)

D4 0.2 0.2 1995 PIT-tag estimates (retrospective and
prospective)

Notes:
1) a variation of this scenario has the D value increasing at some point in the prospective period to reflect future

changes in transport methods (i.e. switch from trucking to barging). Model results of this scenario are included
in section 6.3.3 as a sensitivity analysis.

Description and Rationale

Hypothesis D1

Several methods were used to estimate D for Snake River Fall Chinook (SRFC) for the retrospective
period. The methods all involved indirect estimation procedures, and the resultant values were generally
low, with means ranging from about 0.04 to 0.24 depending on the method (Table 5.3-3 ). If this range of
values is indeed representative of SRFC responses to transportation, then by-and-large that passage
strategy was ineffective, or perhaps even detrimental during that era. This is in stark contrast with D as
estimated for fall chinook passing McNary Dam, which are comprised principally of Hanford and Priest
Rapids Hatchery stocks. Estimates for that population averaged near 1.7 (Table 5.3-3).

Perhaps the difference in the transport methods employed at Snake River dams and McNary might
account for such disparate responses. Over a series of years during the retrospective period fall chinook
smolts were primarily transported by barge from McNary Dam, whereas trucks were the dominant
conveyance for Snake River fall chinook. Giorgi (1997) estimated that approximately 15% and 85% of
the subyearling chinook were transported via truck at McNary and LGR Dam, respectively. The heavy
reliance on trucks at Snake River dams may have been detrimental in two respects. First, trucked fish are
not exposed to serial imprinting cues. This may increase the straying rate of the trucked fish upon return
and result low returns to LGR. Presumably inriver migrants adequately imprint and straying is minimized
in that populations segment. These proposed straying dynamics would result in low D values.

Additionally, the nature of the mark recapture protocols used at McNary and LGR may affect estimates of
D. The data used to calculate D from McNary dam are CWT recaptures throughout the fisheries and a
variety of terminal sampling sites. Any straying effect would not be reflected in the resultant TBR
estimates that were employed to calculate D. In contrast, the PIT data used to estimate D at LGR Dam
relies on adults successfully homing to the detector at that site. Increased straying rates that may be
associated with trucking would yield low D estimates as currently reported for that population.

A second mechanism that could result in poor survival of trucked fish relative to barged counterparts, is
the nature of the release protocol downstream from Bonneville Dam. From 1977 until 1992, trucked fish
were released at the shoreline in the vicinity of either Bradford Island, or Hamilton Island boat ramp. In
recent years, concentrations of northern squawfish have been observed in these locales. In an effort to
reduce predatory fish consumption of smolts, commencing in the summer of 1993 most trucks containing
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fish were ferried from the mainland below Bonneville to a mid-channel release site (Hurson, D. et al.
1995). In 1993, some trucks still released fish at Bradford Island (Hurson et al. 1995). By the summer of
1994, all trucked groups were reported as released at a mid-channel site near Dodson, several miles below
Bonneville Dam (Hurson et al. 1996). Barged fish were released mid-channel near Skamania Light Buoy,
near the truck release site.

The hypothesis we pose maintains that prior to 1993 or 1994, transport practices (trucking with shoreline
releases) depressed survival of trucked fish and/or exacerbated straying of SRFC. This yielded a low
value for the D estimate in the order of 0.1. This value is consistent with the lower range of estimates
produced for the retrospective period. We speculate that the change in release strategy initiated in 1993
increased survival of trucked smolts, resulting in an increase in D to 0.24. This estimate is based on the
highest mean value as estimated from PIT tagged fish from the Snake River in 1995 (Table 5.3-2). Recent
preliminary estimates by NMFS suggest that a higher D near 0.8 yields more tractable SAR estimates to
LGR (section A.3). However, if straying associated with trucking remains the primary mechanism
depressing D, then only the abandonment of this practice will permit further increase in D. We explore
the implications of such a shift to full barge transportation in section 6.3.1.

Literature Cited

Giorgi, A. 1997. Snake River Fall Chinook: passage issues. Draft report resident on PATH fall chinook
WEB page.
Hurson, D., and fifteen other authors. 1995. Juvenile fish transportation program 1993 annual report.
U.S. Army Corps of Engineers, Walla Walla, Washington.
Hurson, D., and fifteen other authors. 1996. Juvenile fish transportation program 1994 annual report.
U.S. Army Corps of Engineers, Walla Walla, Washington.

Hypothesis D2

This hypotheses states that both retrospective and prospective D values are high (1.0). This follows the
precedent set for the spring chinook analysis where lower river stocks were used as surrogates to define
the response of the Snake River fish without transportation or passage through the Snake River dams.
With a high D value, the AIC/BIC scores from the existing life cycle model will be high (see sensitivity
analysis of retrospective D values in section 6.1.2), suggesting that under the hypothesis of a high D, the
trend in extra mortality expressed by a step function and a climate cycle do not capture the underlying
trend. In this case different extra mortality trends and mechanisms need to be explored in the retrospective
analysis. The resulting extra mortality, along with a high D, would be used in the prospective analysis.

Hypothesis D3

This hypothesis is that the relatively low D values estimated from the spawner-recruit data in the
retrospective period also apply into the prospective period (see method 3, Table 5.3-2). The hypothesis
assumes that possible mechanisms for a low D value are either related to transportation methods or
conditions that will continue into the future, or are related to inherent characteristics of Snake River fall
chinook (e.g. small size) that make them less resilient to transportation.

Hypothesis D4

Given the lack of information available to estimate a D value for Snake River fall chinook, one possible
hypothesis is that D was 0.2 retrospectively (confidence interval = 0.07 to 0.52). Because there are many
factors that can influence transportation effectiveness relative to in-river fish, there is no evidence that the
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range of D values will change prospectively. This hypothesis relies on direct estimates of T:C’s from
Snake River fall chinook sub-yearlings.

This estimate of D is based on PIT tag recoveries from out-migration years 1995 and 1996 and Vc’s from
the FLUSH passage model. The recoveries from the two years include 44 adult returns for 1995 (ages
2-4) and 30 adult returns for 1996 (ages 2-3). Transport and control SAR’s were generated for all releases
of sub-yearlings above Lower Granite dam for the entire out-migration season (See section A.1.2).
Estimated T:C ratios for 1995 and 1996 were 0.74 and 0.99 respectively. FLUSH Vc’s were 0.197 and
0.269 for 1995 and 1996 respectively13. Although the recoveries included detections from the group
released at LGR but detected at LGR, LGO, LMO, and MCN, only Vc’s from LGR were used. This
assumption likely results in a slight under-estimation of Vc which could cause a similar under-estimation
of D. However, because 70-80% of the detections were at the LGR and LGO projects, this assumption
likely has little effect on our estimates of D (the wide confidence interval should capture this potential
bias).

The variance for the T/C ratio was calculated as:

Var(ln[T/C]) = 1/nt + 1/nc - 1/Nt - 1/Nc [Eqn. 5.3-3]

Where:

nt = number of transport juvenile releases
nc = number of control juvenile releases
Nt = number of transport adult returns
Nc= number of control adult returns

The confidence interval was estimated from 2* S.E. (S.E. ≈ Std Dev.) of the T/C ratio. The point estimate
and the confidence interval for T/C were used to estimate D for 1995 and 1996 using FLUSH estimates of
Vc for 1995 and 1996.

The 1995 fall chinook sub-yearling releases were from fish collected at Lyons Ferry hatchery then reared
at Klickitat hatchery and then trucked and released above Lower Granite Dam. Although this treatment
may affect the overall SAR, the transport and control fish had the same treatment. Therefore, the T/C
should be a reasonable approximation for Snake River fall chinook sub-yearlings. The 1996 fall chinook
sub-yearling releases were from Lyons Ferry hatchery reared fish.

When SAR’s are estimated on a brood year basis with complete age structure applied to recruits (in
contrast to assuming that all recruits are four year olds), they appear to show noticeable increases starting
in 1991 out-migration year (see Section A.1.5). This does not correspond to the hypothesis that SAR’s
increased in 1993 and 1994 as a result of the onset of off-shore releases of transported fish (as implied in
D hypotheses #1).

Further, the T/C estimates from 1997 subyearling releases of Lyons Ferry Hatchery and 1998 jack returns
(T. Cooney, NMFS, 3/9/99 memo to files) appear to be generally consistent with the 1995 and 1996 T/C
data. The T/C ratio for the 1997 outmigration, using estimates of non-detected smolts as controls, was
0.65 (Table 5.3-5). Note that returns to date represent only jacks. Assuming Vc=0.2, the D-value for this

                                                     
13

 CRiSP Vcs were not available at the time this analyses was completed. CRiSP Vc estimates produced subsequently are higher
than FLUSH estimates (see Table 5.3-1).
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group was 0.13. The 1997 data also indicate decreases in SAR as a function of the number of times the
fall chinook juveniles were bypassed.

Table 5.3-5: T/C and D-values from the 1997 release of Lyons Ferry subyearlings, and 1998 jack return
(Cooney, NMFS). Non-detected smolts were used as controls, and Vc was assumed to be 0.2.

Juveniles SAR Adj. To Survival Smolts Bonn. Ratio
Group Dam at LGr Adults (LGr) Collect to Bonn. below Bonn. to LGR T/C (D)

In-river Survival = 20%

Transport LGr&LGo 1550 4 0.26% 0.98 1324 0.30% 0.65 0.15
LGr 1218 4 0.33% 1 0.98 1194 0.34% 0.83 0.17
LGo 332 0 0.00% 0.4 0.98 130 0.00% 0.00 0.00

Bypass LGr 2557 11 0.43% 1 0.2 511 2.15%

once 8967 12 0.13% 1 0.2 1793 0.67%
twice 6674 7 0.10% 1 0.2 1335 0.52%
three 2400 1 0.04% 1 0.2 480 0.21%
total 18438 20 0.11% 1 0.2 3688 0.54%

nondetect 5060 20 0.40% 1 0.2 1012 1.98%

Implementation of D hypotheses

In the current round of modeling, we have implemented D values as fixed values with no uncertainty,
except for hypothesis D3 (i.e. 0.24 for #1, 1.0 for #2, and 0.20 for #4; under hypothesis #3 D values are
drawn from the posterior distribution of D values estimated in the life-cycle model). However, given the
amount of uncertainty inherent in these estimates (which stems from the lack of transport studies for fall
chinook), a better approach would be to include some variability in these D values rather than assuming
that they are a constant. Future analyses could include such variability, or at least conduct sensitivity tests
to see what effect including variability has on the results.

One approach to do this would be to specify a distribution of D values to apply prospectively, then draw
from that distribution in each year. Hypothesis #4 has specified such a distribution; similar methods for
calculating confidence intervals could be used with hypotheses 1 and 2 to derive similar distributions of D
estimates.

5.3.3 Extra Mortality of Non-Transported Fish

Extra mortality is mortality that is not captured by the passage model and assumptions about the
effectiveness of transportation. Extra mortality, may or may not exist depending on the life-cycle model
employed. If the recent declines in productivity are hypothesized to be accounted for by increase in
passage mortality and poor effectiveness of transportation, then there is not extra mortality. Extra
mortality, represented by the variable STEP, is assumed to be the average change in productivity after the
hypothesized effects of transportation and passage mortality are already accounted for. Therefore its
estimate depends critically on the transportation and passage mortality assumptions. There are two
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different time periods considered for STEP: brood years 1970-1991, corresponding to the completion of
Lower Monumental and Little Goose dams, and 1976, corresponding to an ocean regime shift.

Extra mortality in the fall chinook life-cycle model is modeled using the STEP term, which is assumed to
be zero prior to 1970 or 1976, depending on which hypothesis is employed; afterwards it is either
assumed to take on the value of zero (fall-D model), or it takes the value of the estimated change in
productivity not accounted for by the passage mortality or transportation effectiveness (fall-S model). The
fall-D model, for which the transportation effectiveness, D, is estimated from the spawner-recruit
numbers, STEP is assumed to be 0. With the fall-S model, the STEP factor is estimated from retrospective
data. In prospective simulations with the fall-S model, there are three alternative hypotheses about future
values of STEP. These three hypotheses are analogous to the three extra mortality hypotheses defined for
spring/summer chinook. Detailed descriptions, rationales, and evidence for these hypotheses are provided
in Section A.3.3 of the Preliminary Decision Analysis Report for Spring/Summer Chinook, and in Section
4.2.3 of the PATH Weight of Evidence Report.

Regime Shift Hypothesis

Extra mortality is an interaction with a long-term oscillation in climate which shows a climate regime
shift approximately every thirty years. In this century, the regime shifts (or polarity switches) occurred in
1925 (to warm/dry); 1947 (to cold/wet); and 1977 (to warm/dry). The signatures of a recurring pattern of
interdecadal climate variability are widespread and detectable in a variety of Pacific basin climate and
ecological systems. These climate oscillations affect ocean temperatures and currents, which affect
distributions of predators and prey; and broad-scale weather patterns over land masses which affect
temperatures, rainfall, snowpacks, and flows. The regime shifts show an inverse pattern in salmon
production between the Alaskan stocks and West Coast stocks over the 20th century (Hare et al. 1999).
While Alaskan stocks showed a dramatic increase corresponding to the 1977 regime shift, many West
Coast stocks showed declines.

Modeling the future climate is difficult because it is uncertain when the next regime shift will occur.
However, over the last century, a 60-year cycle fits the average climate oscillation fairly well. Therefore,
in our prospective simulations, STEP oscillates in a 60-year cycle between the values of 0.0 (good
climatic periods) and a value selected from the posterior distribution for STEP (poor climatic periods).
The cycle turned non-zero in brood year 1976 (ocean year 1977).

References
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Hydro-Related Hypothesis

STEP will continue in the future at a value selected from it’s posterior distribution, assuming a change in
brood year 1976 (or alternatively, 1970), unless the Snake River dams are removed, in which case STEP
will equal 0.0. This is analogous to the method for spring/summer chinook, described in Appendix H of
the Weight of Evidence Report, which resolves some of the problems with making post-Bonneville
survival proportional to in-river survival (see Section 4.2.3 of PATH Weight of Evidence Report). The
hypothesis is that the extra mortality was caused by the Snake River dams. With this hypothesis,
drawdown of John Day Dam alone would not change extra mortality.
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“Here to Stay” Hypothesis

STEP will continue in the future at a value selected from its posterior distribution, again assuming a
change in brood year 1976.

5.3.4 In-River and Ocean Harvest

The fall chinook harvest workgroup developed six different scenarios for future ocean and in-river
harvest. The harvest workgroup included Phaedra Budy (USFWS), Howard Schaller (ODFW), Olaf
Langness (WDFW), Tom Cooney (NMFS), Jim Norris (UW-BPA), and Mike Matelywich (CRITFC).

Ocean harvest scenarios were coupled with either the existing inriver harvest schedule or a conservation
cut-off based inriver harvest schedule (Table 5.3-4).

Table 5.3-4: Ocean and in-river harvest scenarios.

Scenarios Ocean In-river
HARV1 Baseline Sample from ocean exploitation rates

-return years 1985-1996
Existing in-river harvest schedule

HARV2a 15% ocean increase Increase ocean exploitation rates by 15%
-return years 1985-1996, sample

Existing in-river harvest schedule

HARV2b 15% ocean decrease Decrease ocean exploitation rates
-return years 1985-1996 by 15%, sample

Existing in-river harvest schedule

HARV3 50% ocean reduction Reduce ocean exploitation rates by 50%-
return years 1985-1993, sample

Existing in-river harvest schedule

HARV4 50% ocean reduction
50% in-river reduction and
conservation cut-off

Reduce ocean exploitation rates by 50%-
return years 1985-1993, sample

50% reduction in-river harvest rates for lower
tiers, upper tier harvest rates do not occur until
recovery goal is exceeded by 50%

HARV5 75% ocean reduction
50% in-river reduction and
conservation cut-off

Reduce ocean exploitation rates by 75%-
return years 1985-1993, sample

50% reduction in-river harvest rates for lower
tiers, upper tier harvest rates do not occur until
recovery goal is exceeded by 50%

HARV1: The HARV1 scenario is the base case where future ocean harvest rates are sampled from the
historical ocean exploitation rates for return years 1985-1990. These years were chosen because they
reflect the implementation of the US vs. Canada Pacific Salmon Commission (PSC) treaty in 1985 and
include a range of exploitation levels that likely bracket the range we might expect to see in the future.

Under HARV1, PSC treaty ocean exploitation rates are coupled with a schedule meant to reflect the
existing in-river harvest schedule. The in-river harvest schedule is based on the 1996-1998 In-river
Harvest Agreement (U.S. vs. Oregon) guidelines. Harvest rates are determined by both the SRB run size
and the ‘healthy’ URB run size, since both enter the river at the same time and are harvested primarily in
the same fisheries. The URB stock is modeled simultaneously with the SRB stock for the purpose of
determining SRB harvest rates. The in-river harvest rates for both stocks, as a function of river mouth
recruits, are shown in Table 4.5-3. This schedule is used under status quo (A1) and transportation based
(A2s) management actions. Under drawdown actions (A3, B1), upstream conversion rates affect the
harvest rate, as fewer fish are required to meet Lower Granite recovery standards when upstream survival
increases. Thus under drawdown actions, the in-river schedule is adjusted for increased upstream
conversion rates via the ranges of recruits in each harvest tier.
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HARV2a -b: These scenarios equate to a 15% increase and decrease in ocean exploitation rates, where the
change is applied uniformly to all age classes. Under this scenario, ocean exploitation rates are sampled
from the same return years described above (1985-1996).

These scenarios were developed with during the first stage fall chinook analyses and loosely correspond
to the range of harvest rates reported in the February 10, 1998 draft U.S. proposal for managing major
bilateral ocean fisheries to the Pacific Salmon Commission. However, because the management proposal
is based on legal catch and we applied the 15% to all age classes, this scenario likely overestimates the
effect of this range of harvest. Further, because PSC management agreements are currently under
negotiation and have been for several years, it is impossible to predict the actual management scenario
that will be used in either the near or distant future.

The HARV 2a-b ocean harvest scenarios were coupled with the existing in-river harvest schedule
described above.

HARV 3, 4,5: These scenarios were developed during the second stage of fall chinook analysis and were
not meant to reflect any specific management action. Instead, the reductions were included to represent
any dramatic reduction in ocean harvest rates compared to rates observed since the initiation of the PSC
treaty. HARV 3-5 equate to a 50% and 75% reduction in the average brood exploitation rates for brood
years 1981-1989 (~return years 1985-1993). These reductions might be possible, for example, if one of
the major parties (US South, US North, or Canada) were to eliminate a large PSC fishery that impacts
Columbia River bright chinook, if a selective fishery were implemented coast wide, or with some
combination of both reductions and selective fisheries. Brood years 1981 (~1985 return year) through
1989 were chosen for these dramatic reductions because the reflect the time period after the PSC treaty
was initiated but before Canada started substantially reducing their ocean fisheries off West Coast
Vancouver Island and elsewhere.

Reductions were applied across the four age classes and brood years with an age specific reduction factor
(Table 5.3-5). The brood year exploitation rates were first reduced by 50% and 75%, and then the
average brood year exploitation rate was calculated. The proportion of mortality at age, on average, was
also calculated for the baseline data and under the ‘reduced’ scenarios, and a set of reduction factors was
estimated for application to the age specific ocean exploitation rates. These reduction factors provided the
desired (50% and 75% reduced) average brood ocean exploitation rate and retained the distribution of
mortality (minimized the sum of squares) across ages for the SRB and HYURB stocks.

Table 5.3-5: Age-specific reduction factors used to calculate overall reductions in ocean harvest.

SRB HYURB
50% reduction 75% reduction 50% reduction 75% reduction

Age 2 0.40 0.20 0.52 0.26
Age 3 0.30 0.15 0.36 0.18
Age 4 0.34 0.17 0.38 0.19
Age 5 0.84 0.42 0.67 0.33

The HARV3 50% ocean reduction scenario was coupled with the existing in-river schedule described
above.
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HARV4-5 ocean scenarios were coupled with a conservation cut-off based in-river schedule. This
schedule (Table 4.5-4) includes a dramatic reduction in harvest rates at low SRB run sizes. For the
conservation based schedule, harvest rates in the lower tiers (lower ranges of SRB return size) are
restrained to 50% of the existing harvest levels. Harvest rates are not allowed to increase as a function of
SRB run size until the recovery goal at Lower Granite can be met. These conservation based harvest
levels in the lower tiers are slightly less than ceremonial/subsistence harvest levels. As described above
for the existing harvest schedule, under drawdown actions, the in-river schedule is adjusted for higher
upstream conversion rates through the range of recruits in each harvest tier.

Section 4.5 describes the implementation of harvest scenarios in the life cycle model.
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6.0 Results

6.1 Retrospective Results

6.1.1 Passage Model Diagnostics

A series of diagnostic model runs were conducted as a means to understand how each passage model
behaves. By inspecting the specified output we were able to compare the two models and determine
which components were similar or different, and determine which internal functions are most influential
in affecting smolt passage survival (Figure 4.3-1 shows a schematic diagram of the major processes and
components of the passage models).

Each model group produced diagnostics spanning the retrospective period. Diagnostic output included:

Χ direct survival to below Bonneville Dam, the composite for both inriver migrants and transported
fish. (exp(-M));

Χ in-river survival (Vn);
Χ dam-related survival – the portion of Vn that occurs while passing the actual structures;
Χ reservoir-related survival – the portion of Vn that occurs in the impoundments;
Χ mortality rate of fish per day as a function of water temperature;
Χ fish travel time in days (FTT); and
Χ the proportion of the fish arriving at each collector dam that was transported.

Results for these diagnostics were calculated and reported on a reach-specific basis:

Χ Lower Granite to McNary Dam (LGR-MCN).
Χ McNary to Bonneville Dam (MCN-BON).
Χ Total reach, including both segments.

Each model produced two sets of diagnostics corresponding to the two retrospective assumptions about
survival rates through the unimpounded river reach prior to when the dams went in. In this section we
present and discuss selected results for only the upper bound on free-flow survival assumption. Unless
otherwise noted, the similarities and differences noted in the text also apply to the lower bound
assumption.14

                                                     
14

 Because the different free-flow assumptions affect only the pre-dam period (prior to 1975), the diagnostic outputs will be
identical after 1975.
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Summary of Major Differences

FLUSH estimates of passage survival are generally lower than CRiSP estimates. The diagnostics
presented below suggest two primary reasons for these differences:

1. Differences in mortality rates per day as a function of temperature-
2. Differences in Fish Travel Time. FLUSH estimates are considerably higher than CRiSP,

particularly between Lower Granite and McNary dams. Fish that take longer to migrate through
the system (as implied by a long fish travel time) experience higher mortality because they are
exposed to predation over a longer period, and because they experience higher water
temperatures.

Direct survival to Below Bonneville Dam

Direct survival rate (or total survival rate) is defined as “the number of smolts arriving alive to the end of
the hydrosystem (i.e. below BON tailrace], without regard to whether they migrated in-river or were
collected and transported, divided by the starting population number at the face of Lower Granite Dam.”
CRiSP predicted higher direct survival than FLUSH over then entire retrospective time period (Figure
6.1.2-1). The difference in direct survival between the models ranged from 0.20 (e.g. 1973) to .02 (1984),
averaging around 0.10.

Direct survival is determined by the proportion of fish transported, and the survival of non-transported
smolts15. Differences in these components are explored below.

Figure 6.1.2-1: Direct survival rate to below Bonneville Dam.

                                                     
15

Total survival is also influenced by the survival of transported fish in the trucks/barges as well, but this component is fixed at
0.98 in both models and thus doesn’t account for differences in total survival.
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Proportion transported

The diagnostics reveal that generally in most years the two models predicted that similar proportions of
the population were transported. This is true whether the proportion transported was measured as the
proportion of fish arriving below Bonneville that were transported (Pbt, top pane in Figure 6.1.2-2), or as
the proportion of smolts arriving at each dam that were transported. (bottom panes in Figure 6.1.2-2).
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Figure 6.1.2-2: Proportions of yearlings arriving at collector dams that were transported.
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In-river survival

The survival of in-river migrants (Vn) is an important component of the direct survival to below
Bonneville. The pattern in Vn closely mirrors that of direct survival, with CRiSP estimates generally
around 0.10 greater than FLUSH (Figure 6.1.2-3). As with direct survival, the largest difference (around
0.20) occurs in 1973, and the smallest in 1984, 1996, and 1997.

Figure 6.1.2-3: Survival rate of non-transported fall chinook smolts from LGR dam to below Bonneville Dam.

Survival estimates through individual river segments are consistent with estimates through the entire
system (Figure 6.1.2-4). Through the LGR-MCN and MCN-BON segments, CRISP predicts higher Vn
than FLUSH. Generally, the largest differences in model estimates are apparent in the MCN-BON
segment, whereas within the LGR-MCN reach in some years (particularly 1995-1998) estimates are close
together. This result (higher CRiSP Vn downstream of LGR dam) is consistent with the observed patterns
in the earlier versions of passage models that included LGR reservoir. However, in the earlier versions
CRiSP survival estimates in LGR reservoir were considerably lower than those of FLUSH. The result was
that differences in survival estimates in LGR reservoir and downstream of LGR dam tended to offset each
other, and estimates of total in-river survival from LGR reservoir to BON were similar to each other. In
this version of the passage models, LGR reservoir is not included. Therefore, higher CRiSP Vn
downstream of LGR is not counteracted by lower CRiSP Vn in LGR reservoir, and total Vn (from LGR
dam to BON) is higher in CRiSP than in FLUSH.
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Figure 6.1.2-4: Survival rate of non-transported fall chinook smolts from LGR to MCN, and from MCN to BON.

Dam Versus Reservoir Effects

In-river survival is determined by dam and reservoir effects, but the diagnostics suggest that the reservoir
effects play the dominant role. The models generally estimated similar dam-related survival across the
entire retrospective period (Figure 6.1.2-5).
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Figure 6.1.2-5: Dam-related survival rates of fall chinook smolts from LGR to MCN, and from MCN to BON.

Within the reservoirs the models predict widely differing estimates of smolt survival (Figure 6.1.2-6). The
magnitude of the differences are similar in both river segments, although the year to year patterns differ
somewhat. The differences are large (around 0.3) in some years, and average around 0.15-0.20 in both
reaches, although reservoir survival estimates in the LGR-MCN reach are very similar in recent years.

MCN-BON dam survival

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

1

65 70 75 80 85 90 95
year

M
CN

-B
O

N 
da

m
 s

ur
vi

va
l

CRiSP
FLUSH

LGR-MCN dam survival 

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

1

65 70 75 80 85 90 95
year

LG
R-

M
CN

 d
am

 s
ur

vi
va

l

CRiSP
FLUSH



PATH Decision Analysis Report for Snake River Fall Chinook

140 ESSA Technologies Ltd.

Figure 6.1.2-6: Survival rate of fall chinook smolts in reservoirs from LGR to MCN, and from MCN to BON.

Model Processes Affecting Reservoir Survival

The principle mechanisms affecting reservoir and dam survival are mortality rate/day, and Fish Travel
Time.

Mortality rate/day

The relationship between mortality rate (i.e. the fraction of the population dying) per day and temperature
is quite different in the FLUSH and CRiSP models (Figure 6.1.2-7). In both models, mortality rate/day
increases with temperature at lower temperatures, but the FLUSH relationship shows a sharp peak in
mortality rates at a temperature of about 22 degrees. Above this temperature, predators are assumed to
stop feeding. In CRiSP, mortality rates continue to increase or stay the same at temperatures of 20-25
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degrees C. Both functional forms of response are supported by the literature, although in actuality the
effects of the different functional forms are minimal because temperatures rarely exceed 22 degrees.
CRiSP mortality rates/day are much higher than FLUSH in Lower Monumental reservoir, but are much
lower than FLUSH in John Day reservoir.

Figure 6.1.2-7: Mortality rate (fraction of population dying) per day vs. Temperature for fall chinook smolts in
Lower Monumental and John Day reservoirs.
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Fish Travel Time (FTT) dynamics

A population migrating at different rates through the same reach incurs a different level of mortality. Fish
that take longer to migrate through the system (as implied by a long fish travel time) experience higher
mortality because they are exposed to predation over a longer period, and because they experience higher
water temperatures. Travel time differences also affect the distribution of the population arriving at dams,
which determines the conditions each modeled population encounters at each dam. This effect cascades
through all processes, including reservoir and dam-related survival, as well as influencing the proportion
of the total population transported to below Bonneville Dam.

Total Fish Travel Time (i.e. from the face of LGR dam to below Bonneville Dam) differs considerably
between the two models (Figure 6.1.2-8). CRiSP estimates are generally around 25 days and vary little
between years. FLUSH estimates vary between 20 and 60 days.

Figure 6.1.2-8: Total Fish Travel Time of fall chinook smolts from LGR dam to below Bonneville Dam.

As fish move through the LGR-MCN segment, CRISP fish still migrate several times faster than FLUSH
fish. In CRISP, FTT hovers near 15-20 days, whereas in FLUSH FTT is usually considerably higher
(range 10-50 days), with widely fluctuating estimates across years (Figure 6.1.2-9). The year to year
patterns in FTT in the LGR-MCN segment mirror that of the total Fish Travel Time (compare Fig. 6.1.1-9
to 6.1.1-8). This indicates that the variability in total Fish Travel Time is largely due to variability in the
LGR-MCN reach. This is confirmed by the relative lack of variability in FTT though the MCN-BON
reach (Figure 6.1.2-10). CRiSP and FLUSH estimates through that reach are quite similar.

Total Fish Travel Time (LGR-BON) 

0

10

20

30

40

50

60

70

75 80 85 90 95
year

To
ta

l F
TT

CRiSP
FLUSH



PATH Decision Analysis Report for Snake River Fall Chinook

143 ESSA Technologies Ltd.

Figure 6.1.2-9: Fish Travel Time of fall chinook smolts from LGR to MCN.

Figure 6.1.2-10: Fish Travel Time of fall chinook smolts from MCN to BON.
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In the LGR-MCN segment, FLUSH relied solely on wild fish estimates that were fewer in number, and
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6.1.2 Life-Cycle Results

Retrospective Results

Spawner and recruit estimates are available for the following fall chinook stocks:

Χ Snake River Brights for brood years 1964-1991
Χ Hanford Reach-Yakima Upriver natural spawners Brights for brood years 1964-1991
Χ Lewis River natural spawners for brood years 1964-1991
Χ Deschutes River for brood years 1977-1991

All stocks have updated run reconstructions based on the ocean exploitation method.

Methods

The emphasis of this retrospective study is the Snake River stock, applying the life-cycle model of
Section 4.5 to historical spawner/recruit data. The intent of this exploratory analysis was to determine
which assumptions are most consistent with these data. We modified the life cycle model in Section 4.5 to
reflect different combinations of hypotheses, thus creating several different models. The life-cycle model
in this application is slightly simplified from the one given in Section 4.5 in that there is no depensation
included (that is p=0) which is not unreasonable based on results discussed later. Each of these models
made predictions of historical recruitment of Snake River fall chinook that were then compared to the
field estimates of recruitment. Fitting the past data reasonably well is necessary for applying models to
the future, but does not necessarily ensure accurate future forecasts because conditions and system
configuration/operations may be very different in the future. Nevertheless, the results of the retrospective
analyses are an important component of the inputs to the life-cycle model.

Table 6.1.2-1 describes which combinations of assumptions were run (many other combinations are
possible), and also shows the results in terms of estimated parameter values, and various measures of
model fit to the recruitment data. Appendix E describes some simulation tests of Fall-BSM to see how
well it estimated assumed parameter values; results indicate that there are only very small, insignificant
biases in parameter estimates.

This exploratory analysis sought to determine answers to the following questions:

1. How does a simple Ricker model (only “a” and “b” estimated and no passage model input; model
10) compare to models that include passage model inputs? The most complex models in this
analysis have six estimated parameters (a,b,D, E, STEP and year effect; models 1,5-9,16,20,24-
28,34.

2. Which passage model (CRiSP or FLUSH) appears to provide a better fit to historical recruitment
estimates? (model 1 vs. model 20; model 16 vs. model 34).

3. Does the upper bound free-flow survival assumption or the lower bound assumptions better fit the
historical recruitment estimates? (model 1 vs. model 16; model 20 vs. model 34).

4. Do models with input values for “D” do as well as models which estimate D from the historical
recruitment estimates (model 2 vs. models 3,4 and model 14 vs. model 15 for CRiSP; model 21
vs. models 22,23 for FLUSH)? We use D= 0.14 and D=0.37 (arbitrary choices, ln(0.14) = -2;
ln(0.37)=-1) in Table 6.1.2-1, and then explore values from 0.0 to 1.0 in a sensitivity analysis.
Note that the MLE estimate for D with both passage models is small (around 0.03-0.05)as seen in
models 1,16,20,34.
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5. Is it more reasonable to assume a STEP decline in recruitment in brood year 1970 (close to start
of operation of Snake River dams), or in brood year 1976 (after completion of all Snake River
dams; time of ocean regime shift)? (model 1 vs. model 11 for CRiSP; model 20 vs. model 29 for
FLUSH) How large is the estimated STEP with each model?

6. What is the spawning effectiveness of hatchery fish (E parameter), as estimated from the
spawner-recruit data (models 12-14 and 17-19 for CRiSP; 30-32 and 35-37 for FLUSH)? Are fits
to spawner-recruit data better using an estimated or fixed E value (model 1 vs. 12-14 for CRiSP;
model 20 vs. 30-32 for FLUSH)?

7. What is the relative performance of models utilizing different predictors of year effects?
(models 1, 5-9 with CRiSP; models 20, 24-28 with FLUSH)? Do models that include a year-
effect outperform models that do not include year effects (1 vs. 2, 20 vs. 21)?

8. How do more complex Ricker models (including a, b, STEP, year effect, but still no passage
model input; model 38) compare to models with passage model input?

9. Are certain brood years of spawner-recruit data particularly influential on the results?

All but eight of the models utilized the passage model runs that use the upper bound assumption for free-
flow survival rate of juveniles (see section 5.2.3), although other explorations of the passage model runs
which include the lower bound confirm the conclusions described below. Parameter estimates for the
models were obtained by either maximizing the posterior density (second last column of Table 6.1.2-1) or
the joint posterior density (last column). We used the joint posterior density for those models which
included the Deschutes residuals in the objective function. Higher values in the two rightmost columns
(likelihoods) indicate better fits to the data.

The Akaike Information Criterion (AIC) and Bayes Information Criterion (BIC) provide measures of fit
of alternative models, with lower values indicating a better fit. For models with the same number of
parameters, a difference in AIC or BIC (∆AIC, ∆BIC) < 2 is “insignificant”, 2 to 5 is “positive” evidence
of a difference in model fit, 5 to 10 is “strong” evidence, and > 10 is “very strong” evidence (Kass and
Raftery 1994). Because no rigorous analysis has been completed on whether the life cycle models meet
the assumptions for using AIC and BIC, we recommend using these terms as general guidelines.

We note the following regarding calculation of AIC and BIC scores for model comparisons.

1. When the parameter count differs between two models then we continue to apply the adjectives
above, but we rely on ∆BIC, as it provides a more conservative comparison in terms of the
adjective used to describe the evidence. There is some difficulty in assigning the correct
parameter count for both the AIC and BIC in situations where a parameter is fixed at a value that
coincides with the MLE estimate for that parameter. Such problems of interpretation cause us to
discount AIC and BIC comparisons between models with parameters fixed at their maximum
likelihood estimates.

2. Calculations of AIC and BIC include the number of parameters that are fit to the spawner-recruit
data, but not the number of parameters in the passage models because the passage models are not
fit directly to these data. However, as described in section 4.1, the structure of the passage models
was changed based on fits of earlier versions to the spawner-recruit data.

3. For models that estimate year-effects based on Deschutes River fall chinook (e.g. model 1, 16),
the calculation of AIC and BIC includes the “g” parameter which is used as a proportionality
factor to scale the Deschutes residuals (see Equation 4.5-2). Because the Deschutes residuals are
the difference between observed R/S and estimated R/S, one could also consider this residual to
be an estimated parameter. If the Deschutes residual was also counted as a parameter, AIC and
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BIC scores for models that included Deschutes data would be slightly higher (e.g. AIC and BIC
score for model 1 with an additional parameter = 51.03 and 60.35, respectively; AIC and BIC
scores for model 20 = 58.21 and 67.53). Note that this does not affect comparisons of ∆AIC and
∆BIC scores among models that use Deschutes information, but does have a slight effect on
comparisons between models that include Deschutes information and models that do not (e.g.
model 1 vs. models 2-8; model 20 vs. 21-27). However, this effect is small and does not change
the ranking of models in terms of their AIC and BIC scores.
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Table 6.1.2-1: Combinations of life cycle model assumptions compared in retrospective analysis of life cycle models.

Abbreviations: BSM = Bayesian Simulation Model; BY – Brood Year. est.=estimated; f=fixed (value); #pars indicates number of Snake River parameters
estimated; “a” indicates Ricker ‘a’ coefficient; D parameter; STEP parameter; RSS indicates Snake River residual sum of squares; 2*ln(L) indicates twice the
logarithm of the Snake River likelihood; AIC is –2*ln(L) + 2(#parms), the Akaike Criterion; BIC is –2*ln(L) + (#parms)ln(N); 2ln(Pos) is twice the logarithm of
the Snake River likelihood times the prior density of the Ricker “b” parameter; 2ln(J Pos) is twice the logarithm of the joint posterior density for Snake River and
Deschutes stocks.

Full BSM
Model #

Passage
Model
Input

Free-flow
survival

assumption

Method of
Assigning
“D” Value E" value

Starting BY for
Estimated

“STEP”
Year Effect
Estimated From # pars “a” E D STEP RSS 2*In(L) AIC BIC

2In
(Pos)

2In
(J Pos)

1 CRiSP Lower flow Estimated estimated 1970 Deschutes-Snake 6 3.84 0.77 0.03 0.02 3.75 -37.03 49.03 57.02 -38.09 -90.35
2 CRiSP Lower flow Estimated estimated 1970 (No Year Effect) 5 3.86 1.00 0.00 0.00 5.85 -49.48 59.48 66.14 -50.46 -100.21
3 CRiSP Lower flow Fixed

(D=0.14)
estimated 1970 (No Year Effect) 4 3.87 0.13 0.14 0.08 6.76 -53.52 61.52 66.85 -54.50 -103.94

4 CRiSP Lower flow Fixed
(D=0.37)

estimated 1970 (No Year Effect) 4 3.60 0.00 0.37 0.00 8.75 -60.72 68.72 74.05 -62.52 -111.91

5 CRiSP Lower flow Estimated estimated 1970 Temperature 6 3.92 0.64 0.00 0.00 5.48 -47.64 59.64 67.64 -48.43 -98.39
6 CRiSP Lower flow Estimated estimated 1970 Spring/Summer 6 3.96 0.55 0.01 0.00 5.46 -47.55 59.55 67.54 -48.13 -98.11
7 CRiSP Lower flow Estimated estimated 1970 PAPA index 6 3.92 0.58 0.00 0.00 5.64 -48.43 60.43 68.42 -49.30 -99.17
8 CRiSP Lower flow Estimated estimated 1970 Hanford stock 6 4.03 0.55 0.03 0.16 4.77 -43.76 55.76 63.75 -44.36 -94.93
9 CRiSP Lower flow Estimated estimated 1970 Deschutes alone 6 3.84 0.75 0.03 0.02 3.79 -37.34 49.34 57.33 -38.42 -90.45
10 none n.a. (No D) estimated (No STEP) (No Year Effect) 2 1.92 1.00 12.02 -69.63 73.63 76.30 -83.34 -133.09
11 CRiSP Lower flow Fixed

(D=0.37)
estimated 1976 Deschutes-Snake 5 3.85 0.17 0.37 0.37 4.99 -45.02 55.02 61.68 -46.07 -96.07

12 CRiSP Lower flow Estimated Fixed
(E=0.0)

1970 Deschutes-Snake 5 3.85 0.00 0.17 0.09 4.83 -44.07 54.07 60.73 -45.06 -95.58

13 CRiSP Lower flow Estimated Fixed
(E=0.7)

1970 Deschutes-Snake 5 3.84 0.70 0.03 0.02 3.76 -37.08 47.08 53.75 -38.15 -90.36

14 CRiSP Lower flow Estimated fixed(E=1.
0)

1970 Deschutes-Snake 5 3.84 1.00 0.02 0.03 3.77 -37.17 47.17 53.84 -38.24 -90.50

15 CRiSP Lower flow Fixed
(D=0.14)

estimated 1970 Deschutes-Snake 5 3.82 0.36 0.14 0.06 4.13 -39.72 49.72 56.38 -40.90 -92.23

16 CRiSP Upper flow Estimated estimated 1970 Deschutes-Snake 6 3.80 0.78 0.03 0.00 4.07 -39.33 51.33 59.32 -39.97 -91.56
17 CRiSP Upper flow Estimated fixed(E=0.

0)
1970 Deschutes-Snake 5 3.78 0.00 0.17 0.00 5.10 -45.61 55.61 62.27 -46.27 -96.53

18 CRiSP Upper flow Estimated fixed(E=0.
7)

1970 Deschutes-Snake 5 3.80 0.70 0.04 0.00 4.08 -39.39 49.39 56.05 -40.03 -91.58

19 CRiSP Upper flow Estimated fixed(E=1.
0)

1970 Deschutes-Snake 5 3.80 1.00 0.02 0.00 4.09 -39.41 49.41 56.07 -40.06 -91.69

20 FLUSH Lower flow Estimated estimated 1970 Deschutes-Snake 6 4.41 0.87 0.03 0.00 4.85 -44.21 56.21 64.21 -44.75 -94.77
21 FLUSH Lower flow estimated 1970 (No Year Effect) 5 4.51 1.00 0.00 0.00 6.59 -52.81 62.81 69.47 -53.16 -101.99
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Full BSM
Model #

Passage
Model
Input

Free-flow
survival

assumption

Method of
Assigning
“D” Value E" value

Starting BY for
Estimated

“STEP”
Year Effect
Estimated From # pars “a” E D STEP RSS 2*In(L) AIC BIC

2In
(Pos)

2In
(J Pos)

22 FLUSH Lower flow Fixed
(D=0.14)

estimated 1970 (No Year Effect) 4 4.32 0.06 0.14 0.00 8.02 -58.29 66.29 71.62 -58.98 -107.74

23 FLUSH Lower flow Fixed
(D=0.37)

estimated 1970 (No Year Effect) 4 4.03 0.00 0.37 0.00 10.65 -66.24 74.24 79.56 -67.72 -117.02

24 FLUSH Lower flow Estimated estimated 1970 Temperature 6 4.53 0.85 0.00 0.00 6.51 -52.45 64.45 72.44 -52.75 -101.60
25 FLUSH Lower flow Estimated estimated 1970 Spring/Summer 6 4.56 0.82 0.00 0.00 6.49 -52.35 64.35 72.34 -52.58 -101.43
26 FLUSH Lower flow Estimated estimated 1970 PAPA index 6 4.51 0.73 0.00 0.00 6.43 -52.10 64.10 72.09 -52.59 -101.45
27 FLUSH Lower flow Estimated estimated 1970 Hanford stock 6 4.48 0.64 0.02 0.00 6.08 -50.55 62.55 70.54 -50.93 -99.90
28 FLUSH Lower flow Estimated estimated 1970 Deschutes alone 6 4.41 0.85 0.03 0.00 5.00 -45.08 57.08 65.07 -45.61 -95.20
29 FLUSH Lower flow Fixed

(D=0.37)
estimated 1976 Deschutes-Snake 5 4.30 0.08 0.37 0.35 6.68 -53.16 63.16 69.82 -53.91 -103.04

30 FLUSH Lower flow Estimated fixed(E=0.
0)

1970 Deschutes-Snake 5 4.38 0.00 0.12 0.00 5.85 -49.47 59.47 66.13 -50.04 -99.42

31 FLUSH Lower flow Estimated fixed(E=0.
7)

1970 Deschutes-Snake 5 4.41 0.70 0.04 0.00 4.87 -44.32 54.32 60.98 -44.84 -94.84

32 FLUSH Lower flow Estimated fixed(E=1.
0)

1970 Deschutes-Snake 5 4.41 1.00 0.02 0.00 4.86 -44.24 54.24 60.90 -44.78 -94.80

33 FLUSH Lower flow Fixed(D=0.1
4)

estimated 1970 Deschutes-Snake 5 4.28 0.29 0.14 0.00 5.37 -47.04 57.04 63.70 -47.84 -97.45

34 FLUSH Upper flow Estimated estimated 1970 Deschutes-Snake 6 4.38 0.87 0.03 0.00 5.34 -46.91 58.91 66.90 -47.17 -96.76
35 FLUSH Upper flow Estimated fixed(E=0.

0)
1970 Deschutes-Snake 5 4.33 0.00 0.14 0.00 6.27 -51.40 61.40 68.07 -51.71 -100.90

36 FLUSH Upper flow Estimated fixed(E=0.
7)

1970 Deschutes-Snake 5 4.38 0.70 0.04 0.00 5.36 -46.99 56.99 63.65 -47.25 -96.83

37 FLUSH Upper flow Estimated fixed(E=1.
0)

1970 Deschutes-Snake 5 4.37 1.00 0.03 0.00 5.34 -46.93 56.93 63.59 -47.19 -96.79

38 No
passage

N/a est. est. 1970 Deschutes-Snake 4 2.26 0.12 - 0.00 4.68 -43.22 51.22 56.55 -46.43 -98.43
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Results

In the following paragraphs, we address the questions raised above, as well as highlight some of the
challenges in estimating values for all parameters.

Passage Models (questions 1-3)

All of the models that include passage model input indicate a strong or very strong improvement in fit to
the data than a simple Ricker model which leaves out any passage model input, D, STEP and the year
effect (#10) according to the ∆AIC and ∆BIC criteria (although one could take issue with listing the
Ricker model as a two parameter model since E=1.0 was assumed for that model fit based on other model
results). The large difference in Ricker “a” values between model 10 and the other models is due to the
fact that the direct and delayed mortality terms (M, STEP, D) force intrinsic productivity (Ricker “a”) in
models that include these factors to a higher level to counteract the added mortality and still fit historical
recruitment estimates. Comparisons with more complex Ricker models are described below under Other
Ricker Models without Passage Model Input; these comparisons indicate that Ricker models which
include STEP and year effect but no passage model inputs provide better fits than models with passage
model input. The improvement in fit ranges from insignificant to very strong, depending on the passage
model. Implications of this result are discussed below.

The CRiSP passage models had a strongly better fit than the FLUSH passage models (∆BIC with “lower
free-flow” assumption (model #1 vs. #20) = 7.19; ∆BIC with “upper free-flow” assumption (model #16
vs. #34) = 7.58). The CRiSP lower free-flow model (#1) had the best fit of any model.

Within both the CRiSP and FLUSH set of runs, the lower free-flow model (#1, #20) showed a positive
improvement over the upper free-flow version (#16, #34). The change in BIC for CRiSP was 2.6, while
∆BIC for FLUSH was 2.7.

D (question 4)

Estimated D values are generally low (0.02 to 0.05 for all models) unless either D is taken as a fixed input
parameter or E is fixed at a low value. We completed a sensitivity analysis to assess how the fit to
spawner-recruit data changes when D is fixed to a range of values from 0.0 to 1.0. We used four different
passage models’ estimates of M and Pb_t [Equation 4.5-1], and in all cases computed the BIC scores
(Figure 6.1.2-1a). We also computed the difference in BIC scores between the BSM-estimated D values
and the fixed values (Figure 6.1.2-13b). The BIC scores for all FLUSH models are higher than the CRiSP
models (Figure 6.1.2-13a). BIC scores are very similar up to D values of 0.1, after which they begin to
rise rapidly. Models with D fixed at values of 0.1 or less have insignificant differences in BIC scores from
when the same models apply the MLE estimate of D (Figures 6.1.1-1b). All models with D ≥ 0.2 show
strong to very strongly poorer fits than the MLE-based estimate of D.
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Figure 6.1.2-1: a) BIC scores for four spawner-recruitment models with different life history structure and passage
model inputs, using a range of fixed values for D; b) ∆BIC scores for these models. ∆BIC is the
difference between the BIC score for a given D and the “MLE-estimated D” at the left of top
figure (a). BSM model # is shown for those models which are also included in Table 6.1.2-1.

The small change in 2ln(J Pos) when D is estimated (e.g. model #1) and when it is fixed at some higher
value (e.g. model #15) indicates a relatively narrow peak in the likelihood at the MLE values. Figure
6.1.2-2, showing the joint distribution of D and E values, illustrates how the probability distribution for D
(slices parallel to the D-axis) is very steep and narrow for the most likely value of D (i.e. slice furthest
away from the D-axis, where D is near 0.0 and E is near 1.0), but then widens out considerably as one
moves towards lower values for E (i.e. slices closer to the D axis).

Figure 6.1.2-2 shows the danger in interpreting the low MLE D values as anything more than the values
which occurred at the narrow peak of the likelihood function; higher D values become more likely when
spawner effectiveness is fixed at a low value (i.e. there is a broader distribution for D when E is close to
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zero). In our Fiscal 1998 report, we found a confounding between D and STEP for the CRiSP model input
whenever STEP was assumed to begin in brood year 1976. That confounding has largely disappeared
with the new passage model inputs.

Figure 6.1.2-2: Joint distribution of the parameters D (ratio of post-Bonneville survival of transported smolts to
post-Bonneville survival of non-transported smolts) and E (spawning effectiveness of hatchery
and supplemented fish). Higher bars show the most probable combinations of the two parameters.
This figure was obtained by sampling the joint parameter distributions 10,000 times and grouping
the results into bins.

STEP (question 5)

Post-Bonneville mortality of non-transported smolts is given annually at a rate equal to the parameter
STEP. We do not know the exact brood year in which this post-Bonneville mortality could have started to
increase from a zero rate for the Snake River fall chinook. Two alternative hypotheses were considered: a
1970 and a 1976 brood year initial start of that mortality. Model comparisons between one with a 1976
start year for STEP and 1970 (#1 vs. #11 for CRiSP) and (#20 vs. #29 for FLUSH) indicate that the
CRiSP model with 1970 start year for STEP is positively better than a 1976 start year (∆BIC = 4.66) and
the FLUSH model with 1970 start year is strongly better than a 1976 start year (∆BIC =5.61). Note,
however, that the fixed input value for D (=0.37) in models #11 and #29 (the 1976 start year version)
influences the model performance and confounds the comparison of start years for STEP. Nevertheless,
STEP is consistently low throughout the model runs and indicates that a potential simplification of fall
BSM to exclude hypotheses about STEP may be warranted. We still need a version which permits fixed
input D values in order to accommodate D estimates based on external data, but the model fits indicate a
preference for assigning a low E value to runs with high D values, rather than assigning a larger value for
STEP.

E (question 6)

Spawner effectiveness of non-wild spawners in the Snake River is given in the model by the parameter E.
At earlier working group meetings, participants proposed a range of alternative hypotheses about values
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of E (0.0, 0.7, and 1.0). Subsequently it was decided to include E in the model and allow the data to
assign weights (via the likelihood) to alternative E values ranging from 0 to 1. A comparison of models
with the three different fixed values for E indicates that for both models, there is an insignificant
difference in fit between models with E=0.7 and with E=1.0. Models with E=0.7 and 1.0 provide
positively or strongly better fits than models that either estimate E or fix E = 0.0. A weak negative
correlation occurs between the parameters E and D as illustrated in Figure 6.1.2-2.

Year-Effect (question 7)

Including the year effect results in a strongly better fit over models that do not include a year-effect (i.e.
model 1 outperformed model 2, and model 20 outperformed model 21). Comparison of models 1 vs. 9
and 20 vs. 28 indicate that the year-effect is best modeled by the joint distributions of Snake River and
Deschutes’ residuals (models #1 and #20), as described in Section 3.2.2. Models 9 and 28, which are fit to
the Deschutes residuals alone, provide nearly identical results to models 1 and 20. None of the other
alternative year-effects improve the fitting of the model nearly as well, as shown in models 5 – 8 and 24-
27. Models 9 and 28 show strong to very strong improvements in fits over these other year-effect models.
The alternatives tested included:

a) Temperature index based on Hyun (1996); namely the average SST from five Canadian weather
stations during the period October — January — those five stations are Langara Island, Cape St.
James, Pine Island, Kains Island, and Amphitrite Point (models 5 and 24);

b) MLE estimate of year-effect from the delta model application to spring/summer chinook (models
6 and 25);

c) PAPA index of year-effect from the alpha model application to spring/summer chinook (models 7
and 26); and

d) Residuals of a fitting of the Ricker model to the Hanford fall chinook data (models 8 and 27).

Other Ricker Models without Passage Model Input (question 8)

We completed two additional exploratory analyses of alternative life-cycle models for fall chinook that
did not include passage model inputs. The purpose was to compare the fits of these alternative models to
the fits obtained when passage models were included. The two analyses differ in the structure of the
model that was used to generate spawner and recruit estimates. The basic life-cycle model structure,
which is described in section 4.5 and used to generate the results in Table 6.1.2-1, maximizes the joint
Snake –Deschutes likelihood and assumes a prior distribution on the Ricker b parameter. The first
analysis (Analysis A) uses this basic model structure. The second analysis (Analysis B) uses a modified
version of this basic life-cycle model structure. Two changes were made: 1) AICs and BICs are based on
maximizing the likelihood for the Snake spawner recruit data only, rather than the joint posterior
distribution of Snake and Deschutes stocks; and 2) no prior distribution was assumed for the Ricker-b
parameter.

Analysis A

Table 6.1.2-2 provides parameter estimates for several different Ricker models for the fall chinook
spawner/recruit data estimated based on the model structure described in section 4.5. In all cases, the
parameters were estimated by maximizing the likelihood from the joint posterior distribution for the
Deschutes and Snake River stocks and by assuming a prior distribution for the Ricker b.

Models 1 to 4 in Table 6.1.2-2 are the models that include passage model inputs, provided for
comparison. These models correspond exactly to models 1, 16, 20, and 34 (respectively) in Table 6.1.2-1.
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Models 5-8 in Table 6.1.2-2 are identical to models 1-4, except that they do no estimate STEP. Models
with no STEP represent a strong improvement over models that include STEP (∆BIC is between 2 and 5
for both passage models).

Models 9-10 do not include passage model input for system survival but instead uses the proportion
transported at LGR (TRANS, estimated either by CRiSP or by FLUSH) and the seasonal average of WTT
from LGR-BONN (WTT) as scalars fit for all years:

teWTTTRANSeffectyrtbSatR __)_ln( +++−+−= [Eqn. 6.1.2-1]

The Ricker parameters and the E parameters are the same as described in section 4.5.2. The TRANS and
WTT scalars were not constrained; the values could be either positive or negative values. These model
fits result in RSS that range from 3.41-3.53 and lower AIC and BIC scores than models that include both
passage model inputs AND estimate D (models 1-4). For CRiSP, the improvement was insignificant with
the lower freeflow survival assumption (model #9 vs. #1), but positive with the upper freeflow
assumption (#9 vs. #2). With FLUSH, improvement in model fit was very strong regardless of the
freeflow survival assumption (#10 vs. #3 and #4). The WTT/TRANS models also generally fit the
historical data better than models that include passage model inputs but do NOT estimate D (models 5-9),
except for model 5 (CRiSP passage model input, lower freeflow survival assumption), which had a lower
AIC score than model 9 and a lower BIC score than models 9 and 10.

Models 11-14 are simple Ricker models that include year-effects but no passage model inputs. Model 12
estimates E, and both #13 and #14 estimate E and a STEP. Within this group of models, the best BIC
scores are for models 14 (estimates E and STEP starting in BY 1976) and 12 (estimates E, no STEP).
Although adding a STEP in 1976 results in some model improvement over simpler Ricker models (11-
13), this is likely a result of the parallel increase in the proportion transported, which also starts to
increase in 1976.

Models 12 and 14 represent an insignificant to positive improvement over models that include CRiSP
inputs, and a strong to very strong improvement over models that include FLUSH inputs. However, these
simple Ricker models show a worse fit to the data than models that include transportation and WTT
(models 10 and 11). The improvement in these trans/wtt models over the simpler Ricker models ranges
from insignificant (model #9 vs. #14) to strong (#10 vs. #13).
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Table 6.1.2-2: Parameter estimates for several different Ricker models for the fall chinook spawner/recruit data

# Model Run Description
#

par a E STEP D RSS AIC BIC R^2
ln

likelih
jnt ln

poster TRANS WTT
Passage Models D, E, STEP estimated Snake+Des joint post. Distribution

1(1) CRiSP, Step = 1970, lower FFSURV 6 3.84 0.77 0.02 0.03 3.75 49.03 57.02 NA -37.03 -45.18 NA NA
2(16) CRiSP, Step = 1970, upper FFSURV 6 3.8 0.78 0 0.03 4.07 51.33 59.32 NA -39.33 -45.78 NA NA
3(20) FLUSH, Step = 1970, lower FFSURV 6 4.41 0.87 0 0.03 4.85 56.21 64.21 NA -44.21 -47.38 NA NA
4(34) FLUSH, Step = 1970, upper FFSURV 6 4.38 0.87 0 0.03 5.34 58.91 66.9 NA -46.91 -48.38 NA NA

Passage Models D, E Estimated (no STEP) Snake+Des joint post distribution
5 CRiSP, lower FFSURV 5 3.83 0.76 NA 0.029 3.74 46.94 53.6 0.67 -36.94 -45.16 NA NA
6 CRiSP, upper FFSURV 5 3.8 0.77 NA 0.034 4.07 49.3 55.96 0.64 -39.3 -45.76 NA NA
7 FLUSH, lower FFSURV 5 4.41 0.86 NA 0.029 4.85 54.19 60.85 0.59 -44.19 -47.37 NA NA
8 FLUSH, upper FFSURV 5 4.37 0.86 NA 0.035 5.34 56.88 63.54 0.55 -46.88 -48.37 NA NA

Simple Ricker Model with TRANS and WTT scalars E estimated Snake+Des joint post. Distribution
9 CRiSP proportion trans. at LGR 6 2.69 0.64 NA NA 3.53 47.29 55.29 0.68 -35.29 -44.96 -2.33 -

0.009
10 FLUSH proportion trans. at LGR 6 2.66 0.67 NA NA 3.41 46.31 54.31 0.69 -34.31 -44.61 -2.61 -

0.007
Simple Ricker Models Snake+Des joint post. Distribution

11 Simple Ricker (w/ yr effect) 3 2.2 NA NA NA 5.84 55.42 59.42 0.53 -49.42 -52.73 NA NA
12 Simple Ricker (w/ yr effect)

+ E est.
4 2.26 0.124 NA NA 4.68 51.21 56.54 0.49 -43.21 -49.22 NA NA

13 Simple Ricker (w/ yr effect)
+ E and STEP est., STEP = 1970

5 2.7 0.137 -0.47 NA 4.67 53.18 59.84 0.49 -43.18 -48.04 NA NA

14 Simple Ricker (w/ yr effect)
+ E and STEP est., STEP = 1976

5 2.58 0.237 -0.579 NA 4.09 49.4 56 0.57 -46.16 -39.41 NA NA

Analysis B

We ran a separate analysis of Ricker models that also did not include the passage or transportation
mortality terms, but did include STEP and year-effect (Table 6.1.2-3). We were interested in determining
whether the passage models explained a significant amount of variance in the data after these explanatory
variables were already included in the model. This is a different approach used in earlier sections, where
the passage model estimates were included in the model and then we determined whether including
additional covariates (such as STEP and year-effect) was warranted. Generally, our working null
hypothesis is that the passage models do not explain a significant amount of variance after other important
covariates are included in the model. Each of the simplified models explored in this analysis is paired
with a model in earlier sections (see Table 6.1.2-1). The hypothesis behind each of these simpler models
is similar to the hypothesis behind its paired model from the earlier section, but with the added hypothesis
that the passage model estimates do not provide a significant explanatory variable after others explanatory
variables (such as STEP and year-effect) are included. For convenience, we maximize the likelihood for
Snake River spawner recruit data only and do not assume a prior distribution on the Ricker b parameter.

We found that models that exclude passage model data often fit the spawner-recruit data better than
models which include passage model parameters. For example, except when the CRiSP model is used
with the option of using the lower estimate of pre-impoundment survival, the spawner recruit model
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ln(R_t)=a - bS_t + (1+p)ln(S_t) + yr-effect - STEP + e_t, [Eqn. 6.1.2-2]

where yr-effect is the deschutes residuals (g*e_t(deschutes)) fits the data better than models that include
the passage model estimates of fraction of transported fish, P_t, and passage mortality, M, which was
added to the model as an offset (Table 6.1.2-3; compare top row to bottom two rows). In this model STEP
(which is zero prior to 1976, and takes on its estimated constant value thereafter) is an important predictor
variable, while in the alternative passage formulations of the spawner-recruit model, it is not (maximum
posterior estimates are essentially zero; see Table 6.1.2-1). The passage models often fail to out perform
the best "No Passage" model even in terms of the residual sum of squares. The list of covariates we tried
in combination with the straight Ricker-model and both passage models included: sea surface temperature
(sst), Deschutes residuals (dres), and both STEP functions (0 prior to 1970 and 0 prior to 1976). We also
tried eleven different values of spawner effectiveness (0,0.1,...,1.0) for each model.

Table 6.1.2-3: Best “no passage,” FLUSH, and CRISP Models based on BIC and AIC.

Model Covariates Included* RSS AIC BIC NP D MLE
STEP
MLE E MLE

Best "No Passage" +step+dres 4.33 37.18 43.84 5 NA -0.53 0.3

Best Flush (lower) +dres-M+log(DP+1-P) 4.99 41.16 47.82 5 0.03 NA 0.9

Best CRiSP (lower) +dres-M+log(DP+1-P) 4.16 36.09 42.75 5 0.04 NA 0.7

Best Flush (upper) +dres-M+log(DP+1-P) 5.48 43.77 50.43 5 0.04 NA 0.9

Best CRiSP (upper) +dres-M+log(DP+1-P) 4.48 38.16 44.82 5 0.05 NA 0.7

Notes:
*The parameter E was also included
The AICs and BICs are based on maximizing the Likelihood function for the Snake Spawner Recruit data only.
No prior distribution was assumed for the Ricker-b parameter
The covariate step was zero prior to brood year 1976.
(lower) implies that the lower bound for pre-impoundment survival was used while (upper) implies that the upper bound was
used.
In all the "Best passage" model alternatives step is dropped because it increased the AIC and BIC when it was included.

To show the influence of the BY1991 observation, we removed that observation and re-ran the analysis.
The results did show some important changes (Table 6.1.2-4). Here the spawner effectiveness is generally
lower and the D parameter is higher. However, a "no passage" life-cycle model is superior (in fit) to any
life cycle model that includes passage information.
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Table 6.1.2-4: Best “no passage,” FLUSH, and CRISP Models based on BIC and AIC (1991 observation
omitted).

Model Covariates Included RSS AIC BIC NP D MLE STEP MLE E MLE
Best "No Passage" +step+dres 3.44 31.02 37.53 5 NA -0.43 0.2

Best Flush (lower) +dres-M+log(DP+1-P) 4.62 38.97 45.48 5 0.16 NA 0.2

Best CRiSP (lower) +dres-M+log(DP+1-P) 3.82 33.84 40.36 5 0.16 NA 0.3

Best FLUSH (upper) +dres-M+log(DP+1-P) 5.02 41.18 47.69 5 0.17 NA 0.2

Best CRiSP (upper) +dres-M+log(DP+1-P) 4.11 35.8 42.31 5 0.18 NA 0.3

Same notes apply as in Table 6.1.2-3.

This suggests four possibilities: (1) passage mortality is poorly modeled by CRiSP and FLUSH, so that
they do not capture the fluctuations in ln (R/S) when in fact there is a strong passage mortality signal in
the ln (R/S) time series; (2) passage mortality is not a good indicator of life-cycle survival; or that (3) the
spawner-recruit data are too noisy (due to measurement error) to reflect the true signal created by passage
mortality, (4) Due to confounding with other factors (modeled by the step function), passage mortality
signal is not separable from the decrease in log(R/S) that occurs in 1976 (see next section). Unfortunately,
we do not know which of these is truly the case.

If we use the spawner recruit data as the standard for stock performance, then one might conclude that we
should dispense with the passage models, for they do not fit the past as well as simple spawner-recruit
models, and consequently may be erroneous in forecasting future responses of ln (R/S) to management
actions (see Walters, C.J. 1999. Review of PATH Final Report for Fiscal year 1998). One could instead
use a spawner-recruit model that represents the effects of pre- and post-hydrosystem mortality with a
STEP function or a descending trend. We could then hypothesize different reasons for the STEP or trend
in ln (R/S), assess the evidence for and against these hypotheses, and apply the tenable hypotheses in
prospective analyses without the use of passage models.

Correlations and Influential Data (question 9)

To understand the possible confounding of the many various factors influencing the ln (R/S) of the Snake
subyearlings, we calculated the correlations among the covariates and the residuals of the fit of the two-
parameter Ricker curve to the spawner-recruit numbers using different values of effectiveness of
supplemented spawners (Table 6.1.2-5). Most of the covariates we explored describe a one-way trip,
evident in its correlation with brood year (variable BROODYR). This is true of the STEP function
(starting either in 1970 or 1976), the fraction transported (CRiSP or FLUSH), and supplemented spawners
(Sup.). These confounded variables make it very difficult to distinguish among hypotheses describing the
decline in productivity evident in the decreasing trend in spawner-recruit residuals. Notice, for example,
the correlation between the residuals (RES) and proportion transported (P). As spawner-effectiveness
increases, then the negative correlation between the residuals and proportion transported is stronger. This
shows that our assumptions on spawner effectiveness influence our inferences about the effectiveness of
transportation.
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Table 6.1.2-5: Correlation of covariates and residuals from the two-parameter Ricker curve to the spawner-recruit
numbers

BROODYR RES(0%) RES(50%) RES(100%) c5.txt P f5.txt P Dres Regime Step SST Sup.
BROODYR 1.00
RESIDS(0%) -0.33 1.00
RESIDS(50%) -0.46 0.94 1.00
RESIDS(100%) -0.51 0.88 0.99 1.00
c5.txt P 0.93 -0.34 -0.48 -0.54 1.00
f5.txt P 0.94 -0.32 -0.44 -0.49 0.96 1.00
Dres -0.20 0.56 0.63 0.63 -0.21 -0.14 1.00
Regime 0.86 -0.23 -0.29 -0.32 0.82 0.93 0.00 1.00
Step 0.71 -0.04 -0.05 -0.05 0.50 0.56 0.00 0.60 1.00
SST 0.40 -0.35 -0.37 -0.36 0.43 0.49 -0.21 0.51 0.12 1.00
Sup. 0.71 -0.45 -0.62 -0.69 0.71 0.68 -0.46 0.50 0.30 0.23 1.00

Notes:
RES(x%) represents the Ricker curve residuals for x% spawner effectiveness.
BROODYR=Brood Year, c2.txt P = CRiSP fraction transported, c2.txt P' uses survival from face of Lower Granite, f2.txt P =
FLUSH fraction transported
Dres=Deschutes residuals, Regime = step function zero prior to 1976, Step = step function zero prior to 1970
SST=sea surface temperature, Sup. = supplemented spawners.

Appendix E examines the effects of particular brood years on parameter estimates. When the 1991
observation is omitted, some of the correlation patterns change, showing that observation’s extraordinary
influence on the results (Table 6.1.2-6). This occurs partly because the residual for that year is very low
regardless of the spawner-effectiveness assumptions (~ 2 standard deviations below the mean) (Figure
6.1.2-3). Notice that when 1991 is omitted, the correlation between the residuals and percent transported
is not as strong. The reason for this is evident in the graph of residuals against fraction transported (Figure
6.1.2-4). The 1991 observation lies in the lower right of the graph, giving the point high leverage and it is
associated with low productivity. Thus this one observation is important in determining our inference
about the effectiveness of transportation and it needs special scrutiny (Appendix E.2; Exceptional
Observations).
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Table 6.1.2-6: Correlation of covariates and residuals from the two-parameter Ricker curve to the spawner-recruit
numbers (1991 observation out).

BROODYR RES(0%) RES(50%) RES(100%) c5.txt P f5.txt P Des
Resids

Regime Step SST Sup.

BROODYR 1.00
RES(0%) -0.17 1.00
RES(50%) -0.35 0.91 1.00
RES(100%) -0.42 0.82 0.98 1.00
c5.txt P 0.92 -0.17 -0.37 -0.45 1.00
f5.txt P 0.94 -0.19 -0.35 -0.41 0.96 1.00
Dres -0.04 0.34 0.46 0.48 -0.04 0.01 1.00
Regime 0.86 -0.16 -0.24 -0.27 0.83 0.93 0.10 1.00
Step 0.72 0.03 0.02 0.00 0.49 0.56 0.06 0.60 1.00
SST 0.41 -0.40 -0.42 -0.40 0.44 0.50 -0.20 0.50 0.11 1.00
Sup. 0.69 -0.41 -0.63 -0.70 0.69 0.66 -0.42 0.48 0.29 0.22 1.00

Notes: same as Table 6.1.2-4

Figure 6.1.2-3: Residuals of the two-parameter Ricker curve for three levels of supplemented spawner
effectiveness (0%, 50%. and 100%). The large negative residual in 1991 is influential on
inferences about the effectiveness of transportation (see Appendix E.2).
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Figure 6.1.2-4: Influence of 1991 on correlation between Snake residuals and fraction transported using the
CRiSP passage model. The 1991 data point appears in the lower right of the graph, and exerts
enormous influence on the fitted line (see Appendix E.2).

Depensation Parameter p

The retrospective models in Table 6.1.2-1 assumed p=0 (no depensation). This assumption was justified
because when this parameter was included, the estimated values for p were very close to zero (median of
posterior distribution is 10-4, with 90% of the distribution between 10-6 and 10-2; Table 6.1.2-3).

Ability of BSM to Accurately Estimate Parameters

Appendix E describes the results of detailed simulation tests of Fall BSM’s ability to accurately estimate
parameters. These tests were done using the older version of the passage models, but we anticipate that
the results would be similar using the newer version of passage model inputs. The median bias in a, b, D,
P and E is very low (Table 6.1.2-7), regardless of which passage model is used. These simulation tests
confirm the ability of fall-BSM to detect depensation when it is present in a population. There is actually
a slight upward bias (i.e. detecting depensation when it actually isn’t present); this bias is offset by a
negative bias in the Ricker a parameter. A small positive bias is present in the most probable estimate of
D (i.e. tending to slightly overestimate D). The small bias in spawner effectiveness E is negatively
correlated with the true value assumed for effectiveness (i.e. small positive bias when E=0.0 and small
negative bias when E=1.0). The bias of estimated parameters increases with increasing random
measurement error and natural variation (e_t).
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Table 6.1.2-7: Median bias in most probable estimates from 200 Monte Carlo trials of each scenario. “True”
values assumed in each scenario are also listed. The last column illustrates the inflation of bias in
“P” on term Pln(S) in spawner-recruit model.

Median Bias over 200 Simulation Trials

Model a-a[true] ln(b)-ln(btrue) D-Dtrue P-Ptrue E-Etrue (P-Ptrue) *ln(Savg)
FLUSH -0.04 0.00 0.02 0.01 0.00 0.06
CRiSP -0.06 0.01 0.04 0.01 -0.02 0.08

Graphs of Best Fitting Models

Figures 6.1.2-5 and 6.1.2-6 show observed and predicted values from application of the fall chinook
models to models 1 and 20 – the highest likelihood fits for CRiSP and FLUSH passage model input,
respectively (new versions from face of LGR). As seen in the graphs, both models capture the general
features of the observed data. Figure 6.1.2-7 shows residuals for the ln(R/S) for the four fall chinook
stocks – note that the Snake River residuals are from fits to model 20, which is similar to results for
model 1. The data show no obvious declines in (R/S) in brood years 1970 to 1976, but do show generally
lower values after brood year 1984.

Figure 6.1.2-5: Observed and predicted values from application of the fall chinook models to CRiSP passage
model input (model 1 in Table 6.1.2-1).
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Figure 6.1.2-6: Observed and predicted values from application of the fall chinook models to FLUSH passage
model input (model 20 in Table 6.1.2-1).

Figure 6.1.2-7: Residuals for ln(R/S), for each of the four fall chinook stocks, based on model 20 (FLUSH, lower
freeflow survival, see Table 6.1.2-1).

Posterior Intervals for Model Parameters

After completion of the exploratory analysis of the life-cycle model (Table 6.1.2-1), we finalized the
structure of Fall-BSM for prospective analyses. Models 1, 16, 20, and 34 were the basic model forms
used for prospective analyses (Table 6.1.2-1), though some changes were made to STEP and D as
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1. D estimated; STEP=0
2. regime shift hypothesis (D specified; STEP estimated)
3. BKD hypothesis (D specified; STEP estimated)
4. Hydro hypothesis (D specified; STEP estimated)

These hypotheses are explained further in Sections 4.5 and 5.3.3.

One of the useful outputs of the Fall-BSM is the posterior intervals for the parameter estimates (i.e.
probability distributions for uncertain parameters, based on the fit to historical recruitment estimates).
Quantiles of the 10%, 25%, 50%, 75%, and 90% posterior probabilities for the model parameters in
models where STEP = 0.0 are provided in Table 6.1.2-8 below (applied in prospective models using the
first of the above four extra mortality hypotheses). The complete model in Section 4.5 is applied and a
parameter transformation of the Ricker “a” coefficient was made to improve numerical stability.

Table 6.1.2-8: Posterior probability intervals for model parameters (parameters defined in Section 4.5), when
STEP is set equal to zero, and different passage models are used to estimate in-river mortality
(M_t) and portion of smolts transported (Pb_t). Percentages are the quantiles for each column.
“upper” indicates upper bound for survival under natural river conditions and “lower” indicates
lower bound for survival.

Probability Intervals with
FLUSH Passage Model

Probability Intervals with
CRiSP Passage ModelFreeflow

Survival Parameter 10% 25% 50% 75% 90% 10% 25% 50% 75% 90%
upper 12.06 12.41 12.98 13.69 14.15 11.67 12.00 12.56 13.25 13.69
lower

a-ln(b)
12.20 12.56 13.15 13.87 14.32 11.80 12.15 12.73 13.42 13.86

upper -9.50 -9.28 -8.92 -8.44 -8.11 -9.64 -9.40 -8.99 -8.51 -8.22
lower

ln(b)
-9.62 -9.39 -9.00 -8.52 -8.20 -9.77 -9.52 -9.12 -8.63 -8.33

upper 0.02 0.05 0.09 0.15 0.24 0.02 0.04 0.10 0.18 0.27
lower

D
0.02 0.04 0.08 0.13 0.21 0.02 0.04 0.09 0.16 0.27

upper 0.35 0.54 0.77 0.99 1.20 0.32 0.50 0.71 0.93 1.13
lower

g
0.32 0.52 0.74 0.97 1.18 0.35 0.54 0.75 0.96 1.16

upper -14.61 -12.70 -9.48 -6.21 -4.36 -14.76 -12.72 -9.44 -6.13 -4.19
lower

ln(P)
-14.71 -12.68 -9.44 -6.09 -4.17 -14.83 -12.94 -9.64 -6.39 -4.49

upper -1.18 -1.07 -0.95 -0.82 -0.70 -1.21 -1.10 -0.96 -0.83 -0.71
lower

ln(Var)
-1.20 -1.09 -0.97 -0.84 -0.72 -1.24 -1.13 -1.00 -0.87 -0.76

upper 0.13 0.28 0.52 0.76 0.90 0.13 0.28 0.49 0.72 0.87
lower

E
0.14 0.29 0.51 0.76 0.90 0.13 0.27 0.48 0.71 0.86
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Adjusting D Estimates Through Comparison to Snake River Basin Spring/Summer Chinook

Our FY98 report describes a procedure for obtaining potential correction values for MLE estimates of D
based on a comparison to analyses of Snake River spring/summer chinook.

We apply those correction values to obtain the D estimates in Table 6.1.2-9. This is one of several indirect
methods to get an estimate of D values for Snake River fall chinook (see Section 5.3.2).

Table 6.1.2-9: Correction of Snake River fall chinook D estimates in Table 6.1.2-1 using the results of method
comparison on spring/summer chinook (see FY98 report).

Passage Model (Table 6.1.2-2)
D Estimate

in Table 6.1.2-1
Assumed
Correction

Adjusted
D

1. CRiSP, lower freeflow survival 0.03 0.13 0.16
16. CRiSP, upper freeflow survival 0.03 0.13 0.16
20. FLUSH, lower freeflow survival 0.03 0.09 0.12
34. FLUSH, upper freeflow survival 0.03 0.09 0.12

The adjusted D values in Table 6.1.2-9 are similar to the ones obtained in the FY1998 Report for FLUSH
passage model input. The CRiSP adjusted D’s are smaller by 0.05 – 0.15 than the ones in the FY1998
Report. Interestingly, the adjusted D values are generally closer to median D’s obtained from the posterior
distribution (Table 6.1.2-8) than adjusted values given in the FY1998 Report.
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6.2 Prospective Results

6.2.1 Passage Model Results

In Section 6.1.1, we presented some retrospective diagnostic outputs from the passage models as an aid to
understanding the similarities and differences between CRiSP and FLUSH. In this section, we compare
prospective passage model outputs for A2, A2’, A3, and B1. As in Section 6.1.1, the purpose is to
compare the outputs of the two passage models and highlight some of the differences.

In-river survival rate

In-river survival estimates (Vn) are shown in Figures 6.2.1-1 (A2), 6.2.1-2 (A2’), 6.2.1-3 (A3 and B1,
using the lower bound equilibrated juvenile survival rate), and 6.2-4 (A3 and B1, with the upper bound
assumption for equilibrated juvenile survival rate). All prospective diagnostic outputs presented in this
section assume a mean 15% predator removal effectiveness – results are virtually identical with the lower
bound assumption for predator removal effectiveness (see section 6.3.4). See Table 5.1-1 and
accompanying text for an explanation of the upper and lower bound assumptions about free-flow survival
rates and predator removal effectiveness.

In general, CRiSP prospective Vns are higher than FLUSH in most years for A2. Vn estimates for A2’ are
similar in most years. CRiSP Vns also tend to be higher than those of FLUSH for the drawdown actions
(A3 and B1), particularly with the upper bound assumption for free-flow survival. Vns for A2 range from
around 0.1 to 0.3 for A2, 0.2 to 0.4 for A2’, 0.30 to 0.5 for A3, and 0.4 to 0.6 for B1. Differences in Vn
between A3 and B1 are more pronounced in FLUSH than in CRiSP. With FLUSH, B1 Vns are greater
than A3 Vns by around 0.1. In CRiSP, B1 Vns exceed those of A3 by around 0.05. Passage model
diagnostics in section 6.1.1 suggest that the primary reason for the difference in Vns between the two
passage models is that CRiSP Fish Travel Times are considerably shorter than in FLUSH, particularly
between LGR and MCN.
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Figure 6.2.1-1: In-river survival rates for A2.

Figure 6.2.1-2: In-river survival rates for A2’.
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Figure 6.2.1-3: In-river survival rates for A3 and B1 (lower bound free-flow survival rate).

Figure 6.2.1-4: In-river survival rates for A3 and B1 (upper bound free-flow survival rate).
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Direct survival rate

Direct survival rates of transported and non-transported fish for A2 and A2’ are shown in Figures 6.2.1-5
and 6.2.1-6 (direct survival for A3 and B1 is equivalent to the in-river survival because there is no
transportation in the drawdown scenarios). Direct survival rates for A2’ are slightly higher than for A2,
and are consistently around 0.1 higher for CRiSP than for FLUSH.

Figure 6.2.1-5: Direct survival rates for A2.

Figure 6.2.1-6: Direct survival rates for A2’.
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Proportion of fish arriving below Bonneville dam that were transported

Proportion of fish surviving to below Bonneville that were transported (Pbt), which also affects direct
survival, is close to 1 for both CRiSP and FLUSH for both A2 and A2’ (A2’ not shown).

Figure 6.2.1-7: Pbt for A2.
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survival to retrospective direct survival, are shown in Figure 6.2.1-8. Ratios are greater than one in most
years, which suggests that all prospective scenarios incorporate assumptions that lead to higher survival
than in retrospective (for example, prospective scenarios include flow augmentation as prescribed by the
1995 BiOp). Because direct survival rates to below Bonneville (a weighted average of transported and
non-transported fish) are higher for A2 than A3, ratios for A2 are higher than A3. FLUSH ratios are
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Figure 6.2.1-8: Ratio of prospective: retrospective direct survival rate to below Bonneville.
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Prospective:Retrospective System survival Rate

Direct survival measures, such as those shown in Figure 6.2.1-8, do not reflect assumptions about the
relative survival of transported and non-transported fish outside of the hydrosystem. These assumptions
have a large influence on results (see section 6.2.2). PATH has adopted “system survival” as a measure of
the survival of all smolts through the hydrosystem, taking into account any differences in ocean survival
of transported fish (these differences are reflected in the “D” term). The equation for system survival is:

System survival = exp(-M) * (D*P + 1 – P) [Eqn. 6.2.1-1]

Where:

exp(-M) = direct survival rate from face of Lower Granite dam to below Bonneville
P = proportion of fish arriving below Bonneville Dam that were transported
D = ocean/estuary of transported fish relative to non-transported fish (see section 5.3.2)

The ratio of the prospective to retrospective system survival rate directly influences the life-cycle results
(see Appendix E.3). These ratios for each D hypothesis are shown in Figure 6.2.1-9. Ratios are greater
than one in most years, which suggests that all prospective scenarios incorporate assumptions that lead to
higher survival than in retrospective (for example, prospective scenarios include flow augmentation as
prescribed by the 1995 BiOp). Ratios for A3 are higher than A2, except when D is high (as in D2).
FLUSH ratios are generally higher than CRiSP ratios for both A2 and A3.

Ratios show a general increasing trend when retrospective D is low (D1 and D3), because the proportion
transported is increasing through the retrospective period. This leads to a decreasing trend in system
survival through the retrospective period for these D hypotheses, and consequently increasing ratios of
prospective:retrospective system survival rates. When retrospective D is high (D2), system survival
increases through the retrospective period as proportion transported increases, and prospec-
tive:retrospective system survival ratios show a decreasing trend. Trends are less noticeable at
intermediate values of D (D4).
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Figure 6.2.1-9: Ratio of prospective: retrospective system survival.
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6.2.2 Life-Cycle Model Results

The PATH fall chinook life cycle model (fall BSM, described in section 4.5) is used to project the number
of Snake River fall chinook spawners and calculate the NMFS Jeopardy Standards, which are used as the
primary measure by which to compare alternative actions. The standards are a measure of the ability of
management actions to promote survival and recovery of endangered chinook stocks (these standards are
described in more detail in the Executive Summary of the FY98 Report). Results from the life-cycle
model are presented as average number of projected spawners, and as probabilities16 of exceeding defined
survival and recovery spawner thresholds — the base survival threshold is 300 spawners, while the base
recovery threshold number of spawners is 2500.

A summary of major conclusions is presented in section 6.2.2.1, followed by the base results
(distributions of outcomes) in section 6.2.2.2; section 6.2.2.3 shows the relative influence of alternative
hypotheses and assumptions on model outcomes. Sensitivity analyses of other hydro and non-hydro
management scenarios, alternative survival and recovery thresholds, and model assumptions and
parameter values are presented in section 6.3.

6.2.2.1 Summary of major conclusions

Outcomes of Alternative Hydrosystem Actions

1. Average and trend in projected number of spawners

The range of average projected number of spawners over the 100-year simulation period is large, and
depends on what is assumed about relative estuary/ocean survival of transported fish (D) and other
uncertain factors. Average escapement ranges from around 2100 to 6300 for transportation actions
(A2 and A2’). This range is well above the survival escapement threshold of 300, but is close to the
recovery escapement threshold of 2500. For drawdown actions (A3 and B1), average escapements
range from 8300 to 24,000; this is well above both the survival and recovery escapement thresholds.

Assuming low D values (hypothesis D3) results in low numbers of projected spawners and catch for
the transportation actions A2 and A2’, and high spawners and catch for drawdown actions A3 and B1.
Assuming high D values (hypothesis D2) results in intermediate numbers of spawners and catch for
all actions. A more complete set of projected spawner and catch information is provided in Appendix
D.

2. Average survival and recovery probabilities

Drawdown actions (A3 and B1) tend to produce average 24 and 100-year survival probabilities that
are similar or slightly higher than those of transportation actions (A2 and A2’). Average 24 and 100-
year survival probabilities are relatively high (>0.7) for all actions, regardless of what is assumed
about D.

Average recovery probabilities for drawdown actions are close to 1.0 and exceed recovery
probabilities for transportation actions with all D hypotheses. The difference in recovery probabilities
between drawdown and transportation actions depends on the D hypotheses. Hypotheses in which D

                                                     
16

 Notwithstanding NMFS comments on PATH’s use of the term “probability”, we continue to use this term for brevity. Readers
can refer to p. 14-15 of the NMFS A-Fish Appendix for further discussion.
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is low (i.e. transported fish do not survive in the estuary/ocean as well as non-transported fish)
produce recovery probabilities for drawdown actions that are 0.6 to 0.74 higher than recovery
probabilities for transportation actions. However, if it is assumed that D is high, the difference in
recovery probabilities between drawdown and transportation actions ranges from 0.06 to 0.20.

3. The fraction of all possible combinations of hypotheses in which the survival and recovery
probabilities exceeds certain critical levels.

Drawdown actions produce survival and recovery probabilities that exceed critical levels of 0.7 (for
the 24- and 100-year survival probabilities) and 0.5 (for the 48-year recovery probability) under
virtually all combinations of hypotheses, for all D hypotheses. Similarly, transportation actions A2
and A2’ produce survival probabilities that exceed the critical level of 0.7 for all combinations of
hypotheses, for all D hypotheses.

Transportation actions A2 and A2’ do achieve the recovery standard (and therefore achieve all
standards), if it is assumed that future relative survival of transported and non-transported fish is
better than in the past (D1 and D2), but do not achieve the recovery standard if relative survival of
transported fish is assumed to be the same in the future as in the past (D3 and D4). Under low D
assumptions, however, stopping transportation and retaining the current configuration of the
hydrosystem can achieve recovery standards (see section 6.3.1).

4. Relative Influence of Alternative Hypotheses on Results

The actions themselves are the most important influence in determining the 100-year survival and the
recovery standards. A2 and A2’ tend to produce lower responses in these jeopardy probabilities,
while A3 and B1 tend to produce higher responses. D hypotheses have the next largest effect on the
100-year survival and the 48-year recovery standards.

D hypotheses tend to account for the largest amount of the differences in 24-year survival
probabilities, with the actions having very little effect. The passage models also have a large effect on
transportation actions under hypotheses D3 and D4, with FLUSH producing larger 24-year survival
probabilities than CRiSP. Other hypotheses and harvest scenarios had minor effects on the outcomes.

Because there are no transportation studies for Snake River fall chinook, there is substantial
uncertainty about delayed effects of transportation. Supplementation may increase the number of
adult returns, as well as the ability to estimate return rates of transported and non-transported fish.

6.2.2.2 Overall Range of Outcomes for Alternative Hydrosystem Actions

In total, there are many potential combinations of the six “formal” hypotheses in Table 5.1-1 for each
action.17 Each combination (or run) results in a unique set of survival and recovery probabilities for that
particular action. Within these ranges, there is a distribution of outcomes, with some outcomes occurring
more frequently than others. In previous PATH reports and in other documents (e.g. NMFS A-Fish
Appendix), these distributions have been displayed as box-and-whisker diagrams. We do not use these
here for two reasons. First, there are far fewer runs in this analysis than in others. Therefore, it can be
misleading to represent a distribution based on only a few points. Second, because many of the drawdown
runs result in very similar outcomes, a box-and-whisker plot is not very informative.

                                                     
17

 16 runs for A2 and A2’ (2 passage models * 4 D hypotheses * 3 extra mortality hypotheses for hypothesis D2 and D4)
  128 runs for A3 (16 for A2 * 2 Snake R. pre-removal hypotheses * 2 equilibrated free-flow survival * 2 transition period)
 256 for B1 (128 for A3 * 2 John Day drawdown pre-removal hypotheses)
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Instead of a box-and-whisker plot, we simply plot the outcome of each run as separate points, along with
the number of points for each action. This type of diagram communicates both the range of results and
where within that range the results are concentrated (i.e. the darker areas where many points are
overwritten). We present the overall results (i.e. all combinations of the 6 formal uncertainties in Table
5.1-1) in this form for the average number of spawners, and for the survival and recovery probabilities.

Average Projected Number of Spawners

Because the survival and recovery probabilities are based on projected escapement, the average projected
number of spawners over the 100-year simulation period provides an indicator of the basic population
response to alternative management actions. In general, actions A3 and B1 have a broader but higher
range of average spawners than A2 or A2’ (Figure 6.2.2-1).

Figure 6.2.2-1. Outcomes of individual runs (average spawners) for each action.

Despite having a broader range of average spawners, actions A3 and B1 have a narrower range of survival
and recovery probabilities than actions A2 and A2’. This is because the survival and recovery
probabilities are based on exceeding a certain threshold number of spawners (300 for survival, 2500 for
recovery). Most A3 and B1 runs produce average spawners that are over that threshold number, so the
range of probabilities of being over that threshold is relatively narrow.
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Figure 6.2.2-2a. Outcomes of individual runs for each action and survival standard.
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Figure 6.2.2-2b. Outcomes of individual runs for each action and recovery standard.
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Table 6.2.2-1: Summary of D hypotheses, described in section 5.3.2.

D Hypothesis Retrospective D Value Prospective D Value
1 D low, drawn from posterior distribution

(maximum likelihood estimate = 0.05 - 0.10)
D = 0.24

2 D = 1.0 D = 1.0
3 - same as D1 - D low, drawn from posterior distribution

(maximum likelihood estimate = 0.05 - 0.10)
4 D = 0.2 D = 0.2
Note that D2 and D4 are the only hypothesis in which STEP can be estimated (STEP = 0 for hypotheses D1 and
D3), because the retrospective D value is specified, not estimated from historical data (see section 4.5).

Average and Trend in Projected Spawner Abundance

The average number of spawners projected over the 100-year simulation period is shown in Table 6.2.2-2.
D hypotheses that assume higher prospective D values (D1 and D2) tend to result in higher projected
spawners for A2 and A2’. For A3 and B1, D hypotheses that assume a low retrospective D (D1, D3, and
D4) produce higher projected escapement than hypotheses that assume a high retrospective D (D2).
Average spawners are higher for A3 and B1 than A2 and A2’ for all D hypotheses.

Table 6.2.2-2: Average number of spawners over the 100-year simulation period. For each D hypothesis, the
table shows the average and the range over all combination of other hypotheses (i.e. passage
model, extra mortality hypothesis, and drawdown assumptions).

D Hypothesis
Action D1 D2 D3 D4
A2 5028

(3969 - 6086)
5259

(3994 - 7785)
2131

(1783 - 2479)
2328

(1369 - 3580)
A2' 5515

(4448 - 6581)
6273

(4971 - 8979)
2151

(1619 - 2682)
2535

(1490 - 3909)
A3 21312

(18531 - 23103)
8325

(3462 - 12977)
20842

(17914 - 22685)
15425

(10175 - 19622)
B1 24055

(20162 - 27633)
9961

(3991 - 17255)
23553

(19453 - 27200)
17695

(11120 - 23349)

Trends in projected spawner abundance are shown for each D hypothesis in Figure 6.2.2-3, along with the
projected trends in in-river and ocean catches.18 Historical estimates of spawners are also shown for
comparison. All results are averaged over the two passage models, and results for D2 and D4 across the
three hypotheses about extra mortality of non-transported fish. The influence of the regime shift
hypothesis, in which survival rates cycle between good and bad periods every 30 years in response to
regular cycles in ocean conditions, is evident in the D2 results. Note also that these results show only the
median of the distribution of spawner abundance and catch in each of these years. This distribution
corresponds to the distribution of historical parameter values estimated through the retrospective analysis

                                                     
18

 Adult returns to the mouth of the Columbia can be approximated by: # of spawners + in-river catch                              
  average upstream conversion rate (Table 4.5-5).
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as described in section 6.1.2. A more complete set of results for these distributions is provided in
Appendix D.

Assuming low D values (hypothesis D1, D3 and D4) results in low numbers of projected spawners and
catch for the transportation actions A2 and A2’, and high spawners and catch for drawdown actions A3
and B1. Assuming high D values (hypothesis D2) results in intermediate numbers of spawners and catch
for all actions. The immediate increase in spawners and catch for all actions relative to recent historical
estimates is due to the assumptions associated with the prospective scenarios. Specifically, the
prospective scenarios include flow augmentation at 1995 BiOp levels, which is not reflected in the
historical data.
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Figure 6.2.2-3. Trends in projected spawner abundance.
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Survival and Recovery Probabilities

Plots of the 24-year survival standard and the 48-year recovery probabilities are shown in Figure 6.2.2-4
and 6.2.2-5 (results for the 100-year survival standard are very similar to the 24-year survival standard,
and results for the 24-year recovery standard are very similar to the 48-year recovery standard). The
number of runs for each action are indicated in parentheses along the bottom axis.

Results can be categorized in a couple of ways. D hypotheses that assume relatively high D values in the
prospective period (D1 and D2) tend to generate higher probabilities for actions that involve
transportation (A2 and A2’). Hypothesis D1, in which prospective D values are assumed to improve over
retrospective values because of recent changes in transport operations, tends to generate the highest
probabilities for actions A2 and A2’. D3, which assumes the lowest prospective D (around 0.05-0.10),
results in the lowest probabilities, followed by D4 (D=0.20) and D2 (D=1.0). The differences caused by
the different D hypotheses is particularly extreme with the 48-year recovery standard. Probabilities of
actions A2 and A2’ meeting the 48-year recovery standard can range from 0.1 (with hypothesis D4) to
close to 1.0 (with hypothesis D1).

Survival probabilities for drawdown actions (A3 and B1) range from 0.80 to 1.0, while recovery
probabilities depend strongly on the D hypothesis. Because there is only transportation during the three or
eight-year pre-removal period in these scenarios, the retrospective value of D is a more important factor
in determining the recovery probabilities for drawdown actions than the prospective value of D. If D is
low retrospectively (as it is in hypotheses D1, D3, and D4), this implies that transportation was
detrimental to fish survival, and recovery probabilities for drawdown actions are high (close to 1.0).
However, high retrospective D values (i.e. hypothesis D2 where D=1.0) imply a benefit of transportation
to fish survival, and drawdown scenarios where transportation is eliminated tend to result in lower
survival and recovery probabilities (ranging from 0.5 to 1.0). In addition, specifying a high retrospective
D value results in a larger STEP factor than if D is low, which means that the extra mortality hypotheses
(regime shift, here to stay, hydro) are more important factors in determining survival and recovery
probabilities for A3 and B1. This is evident from the broad range of recovery probabilities for these
actions under hypothesis D2 in Figure 6.2.2-5. The relative influence of factors on overall results is
explored further in section 6.2.2.4.
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Figure 6.2.2-4. 24-year survival probabilities for each D hypothesis and each action. Number of runs for each
action are indicated in parentheses.

Figure 6.2.2-5. 48-year recovery probabilities for each D hypothesis and each action. Number of runs for each
action are indicated in parentheses.
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Although figures like Figure 6.2.2-4 and 5 provide a broad picture of the raw results of the PATH
modeling analyses, these results can be summarized further to provide useful information for decision-
making, and for comparison purposes in sensitivity analyses. We focus on two summary statistics for
comparing the outcomes of actions and the ability of actions to meet the standards. These statistics are
shown below, again separately for each D hypothesis. It is important to recognize that when results are
broken down into individual D hypotheses, the number of runs for a particular action can get quite small
(e.g. 2 or 6 combinations for A2 and A2’). Readers should be aware of this when comparing summary
statistics, and we include the number of runs per action in each figure and table to emphasize this point.

The first summary statistic is simply the average of all of the outcomes for a particular action (Figure
6.2.2-6, again showing results only for the 24-year survival and 48-year recovery standards). That is, it is
the average of the points for each action plotted in Figure 6.2.2-4 or 6.2.2-5. Average survival
probabilities are relatively high (>0.7) for all actions, regardless of the D hypothesis. For 3 of the 4 D
hypotheses (D1, D2, and D4), all actions result in similar survival probabilities. With hypothesis D3
(which assumes a low D both retrospectively and prospectively), the average survival probability for the
drawdown actions (A3 and B1) are somewhat higher than those of the transportation actions (A2 and
A2’).

Average recovery probabilities for the drawdown actions are greater than 0.8, and higher than for the
transportation actions, for all D hypotheses. Recovery probabilities for transportation actions depend
strongly on the D hypothesis. If D is high prospectively, as in D1 and D2, recovery probabilities are
around 0.7 to 0.9. If D is low both retrospectively and prospectively, as in hypotheses D3 and D4,
recovery probabilities for transportation actions are around 0.3 to 0.4. If D is assumed to be low, however,
halting transportation and leaving dams in place results in substantially higher recovery probabilities (see
section 6.3.1).
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Figure 6.2.2-6: Average survival and recovery probabilities for each D scenario and each action.

The second summary statistic is the fraction of all runs for a particular action that meet or exceed critical
levels of the survival and recovery probabilities (Table 6.2.2-3). PATH has assumed critical levels of 0.7
for the survival standards, and 0.5 for the 48-year recovery standard19. Referring to figure 6.2.2-4 for the
24-year survival standard, this summary statistic is computed as the number of points for a particular
action in Figure 6.2.2-4 that are above the bold horizontal line at 0.7, divided by the total number of runs
for that action. Management actions with large fractions meet these defined standards under a broad range
of possible hypotheses about future conditions (i.e. a “robust” action). Management alternatives with low
fractions meet the standards only under a narrower range of hypotheses.

All or virtually all runs for all actions meet the 0.7 survival level regardless of the D hypothesis.
Similarly, all or virtually all of the A3 and B1 runs meet the 0.5 recovery level for all D hypotheses. The

                                                     
19

 The 24-year recovery indicator is not an official NMFS standard and does not have a critical level associated with it.
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ability of transportation actions A2 and A2’ to meet the recovery level of 0.5 depends on what is assumed
about D. All of the runs for A2 and A2’ exceed the critical recovery level with hypotheses D1 and D2, but
few or no runs meet the 0.5 level with hypotheses D3 and D4. Note again that the small number of runs
for A2 and A2’ requires careful interpretation of this fraction20.

Table 6.2.2-3: Fraction of runs meeting or exceeding critical survival and recovery levels for each D scenario and
action.

D Hypothesis
D Scenario Action D1 D2 D3 D4

A2 2/2 6/6 2/2 6/6
A2' 2/2 6/6 1/2 6/6
A3 16/16 48/48 16/16 48/48

24-Year Survival

B1 32/32 96/96 32/32 96/96
A2 2/2 6/6 2/2 6/6
A2' 2/2 6/6 1/2 6/6
A3 16/16 48/48 16/16 48/48

100-Year Survival

B1 32/32 96/96 32/32 96/96
A2 2/2 6/6 0/2 1/6
A2' 2/2 6/6 0/2 1/6
A3 16/16 41/48 16/16 48/48

48-Year Recovery

B1 32/32 85/96 32/32 96/96
A2 2/2 6/6 0/2 1/6
A2' 2/2 6/6 0/2 1/6
A3 16/16 41/48 16/16 48/48

All 3 standards

B1 32/32 85/96 32/32 96/96

6.2.2.4 Relative influence of alternative hypotheses on results

The results presented thus far provide useful information about the range of responses to management
actions resulting from all combinations of hypotheses. However, they do not show which hypotheses
other than the D hypotheses exert the most influence over the results. Clearly other assumptions are
important, because even within some D hypotheses there is a considerable range of outcomes. The
relative importance of D and other factors is important information because it focuses scientific debate on
critical factors affecting decisions. It also helps to prioritize further activities in data analyses, research,
monitoring, and experimental management.

PATH has used Categorical Regression Trees (CART) to identify these key hypotheses. CART trees are a
pictorial representation of the influence each of the hypotheses has in explaining the amount of variation
in projected outcomes (a more detailed statistical explanation of CART analyses can be found in
Appendix E of the PATH Weight of Evidence Report, August 1998). Figure 6.2.2-7 shows CART
diagrams for the survival and recovery probabilities for fall chinook. Each branch on the tree represents a
                                                     
20

 For hypothesis D3, the 0.5 fraction of runs that exceed the critical survival level reflects one of only two runs exceeding the
standard. In this case, only three fractions are possible: 0.0, 0.5, or 1.0.
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split between two or more alternative hypotheses that account for differences in the outcomes. The left
side of each split represents hypotheses that result in lower survival and recovery probabilities; the right
side represents hypotheses that produce higher probabilities. The most important hypotheses (those that
account for the greatest amount of the differences in results) are split first (i.e. at the top), followed by
progressively less important hypotheses at the bottom of the diagram. The vertical length of the branches
are proportional to the amount of the variance explained by that hypothesis (i.e. longer branches have
greater influence on the results). The mean value of the survival or recovery probability is shown at the
end of each branch (i.e. at the bottom of the diagram).

The results of these analyses show that the actions themselves are the most important influence in
determining the 100-year survival and the recovery standards. A2, and A2’ tend to produce lower
responses in these jeopardy probabilities, while A3 and B1 tend to produce higher responses. The
difference in range of responses between the actions is not that large (0.72-0.98 for A2/A2’, 0.91-0.98 for
A3/B1) for the 100-year survival probabilities, but is considerably larger for the 48-year recovery
standard (0.18-0.92 for A2/A2’, 0.48-1.0 for A3/B1). In most cases, there is virtually no distinction
between A2 and A2’, or between A3 and B1. This provides justification for restricting the set of actions
assessed in the sensitivity analyses to only A2 and A3. After the actions, the D hypotheses have the next
largest effect on the 100-year survival and the 48-year recovery standards. The combined effects of the
actions and the D hypotheses account for a large majority of the variance in these standards.

The actions generally account for a small proportion of the variance in the 24-year survival probabilities.
This variance is quite small (range of probabilities = 0.72 to 1.0), compared to the recovery standard. For
some branches, the effects of the actions are not significant at all. This means that in the short term,
assumptions about how the system behaves have a greater effect than the choice of action in determining
population levels. Of the alternative hypotheses, the D hypotheses tend to account for the largest amount
of the differences in results. The passage models also have a large effect on transportation actions under
hypotheses D3 and D4, with FLUSH producing larger 24-year survival probabilities than CRiSP. Other
hypotheses and harvest scenarios had minor effects on the outcomes.

A supplemental approach to showing the relative influence of various factors on average results is by way
of a “fan” diagram. This type of display shows how specific combinations of assumptions contribute to
overall averages. Unlike the CART trees, it does not provide a statistical test of the relative influence of
various factors, but it is perhaps more intuitive for most readers. Two examples for the 48-year recovery
standard is shown in Figure 6.2.2-8. The first example is for action A2 with hypothesis D4, the second is
for action A3 with hypothesis D2. We focus on these examples because under these sets of conditions, the
selected combination of assumptions greatly affects the ability of the action to meet the standard (Figure
6.2.2-5). In other words, in this particular case some outcomes are above the horizontal line at 0.5, while
other outcomes are below the line. Therefore, it is important to know which combinations of assumptions
produce outcomes that are over that threshold, and which combinations do not.
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Figure 6.2.2-7: CART trees for Snake River fall chinook.

|A2, A2’ A3, B1

CRiSP FLUSH

D3 D4

D2 (Here to stay,
Hydro)

D1
D2 (Regime shift)

D2, D4 (Here to stay)
D1, D3
D2, D4 (Hydro,RS)

:

Freeflow survival
Lower

BaseBase

Base

Base

Base

10 yr 15 yr

-50%,-75%-50%,-75%

-50%,-75%

-50%,-75%

-50%,-75%

Upper

John Day PRER

Ocean harvestOcean harvest

Ocean harvest Ocean harvest

Ocean harvest

D2
RS Hydro

D2

D3,D4 D1,D2

D4 D1,D3,D4

0.18 0.37
0.44 0.56 0.76

0.65 0.79 0.92

0.48 0.59 0.71
0.81 0.90

1.00

0.94 1.00 1.00

R
48-year Recovery Standard

^2= 0.95



PATH Decision Analysis Report for Snake River Fall Chinook

190 ESSA Technologies Ltd.

A2, 48-yr recovery, D4

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

1

Av
e.

 p
ro

b(
S>

re
co

ve
ry

, 4
8 

ye
ar

s)

FLUSH

CRiSP

Regime 
Shift

BKD/
Hydro

Regime 
Shift
BKD/
Hydro

A3, 48-yr recovery, D2

0.4

0.5

0.6

0.7

0.8

0.9

1

Av
e.

 p
ro

b(
S>

re
co

ve
ry

, 4
8 

ye
ar

s)

Regime 
Shift

Hydro

Here to 
stay

Upper 
free-flow
survival

Lower 
free-flow
survival

Figure 6.2.2-8: Fan diagrams showing the relative effects of various combinations of assumptions on average 48-
year recovery probabilities for actions A2 under D hypothesis #4, and for A3 under D hypothesis 2.

The fan diagrams indicate that with hypothesis D4, A2 will exceed the 0.5 critical level only if one assumes
the FLUSH passage model, and the regime shift extra mortality hypothesis. Note that for A2, the “here to
stay” and the hydro extra mortality hypotheses produce identical results because the hydro extra mortality
hypothesis is defined as “here to stay unless the dams are removed”. FLUSH produces higher probabilities
than CRiSP despite the fact that CRiSP estimates of direct survival (both retrospectively and prospectively)
are higher than FLUSH (Figure 6.1.2-1, 6.2-5), and retrospective D is fixed for both models at 0.2 under
this hypothesis. In terms of average projected spawning escapements over the 100-year simulation period,
the differences between FLUSH and CRiSP are not that large (average escapement is 3103 for FLUSH,
1553 for CRiSP). However, because both of these values are around the 2500 recovery threshold, even
small differences in spawning escapements can have large effects on probabilities of exceeding that
threshold. One reason for differences in results between CRiSP and FLUSH is that while CRiSP direct
survival rates are higher than FLUSH, the ratio of prospective direct survival:retrospective direct survival is
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higher with FLUSH than with CRiSP in most years (Figure 6.2-8). Consequently, the ratio of prospective
system survival:retrospective system survival is also higher with FLUSH than with CRiSP (Figure 6.2-9).
Another reason is that because FLUSH retrospective direct survival is lower, the Ricker a parameter is
higher for FLUSH than CRiSP (average Ricker a for FLUSH is 4.4, average for CRiSP is 3.8). This higher
productivity parameter translates to higher survival and recovery probabilities for FLUSH.

The lower pane of Figure 6.2.2-8 shows the effects of the extra mortality and the free-flow juvenile survival
hypotheses on recovery probabilities for A3 under hypothesis D2 (FLUSH and CRiSP results are not shown
separately because the two passage models produce very similar outcomes). If one assumes the “here to
stay” extra mortality hypothesis, and the lower bound hypothesis on juvenile free-flow survival, recovery
probabilities for A3 are below the 0.5 critical level. All other combinations of hypotheses produce recovery
probabilities above the critical level. The importance of the extra mortality hypotheses reflects the larger
STEP associated with high retrospective D values. With hypothesis D2, which assumes a retrospective D
value of 1.0, the estimated STEP is around 0.7 to 0.8 (depending on the passage model). In contrast, the
estimated STEP with hypothesis D4 (which assumes a retrospective D value of 0.2) is around 0.2.

6.3 Sensitivity Analyses

Sensitivity analyses were used to provide a preliminary indication of how model results are affected by
various factors. We explored three types of factors (results presented here are organized into these three
sections):

6.3.1 Other hydro and harvest management scenarios. These were considered to be sensitivity analyses
because the feasibility of these actions, and exactly how they would be implemented, has not been
evaluated.

6.3.2 Alternative survival and recovery escapement thresholds. These alternatives were explored because
some PATH participants felt that the current thresholds for fall chinook (300 for survival, 2500 for
recovery) are based on analyses that were less rigorous than the analyses leading to the spring/
summer chinook standards.

6.3.3 Sensitivity to other assumptions and parameter values that were used in the passage and life-cycle
models.

The assessment is preliminary in the sense that factors that are found to be influential on the results can be
explored in more detail at a later date. As a preliminary analysis, we limited the scope of these sensitivity
analyses in the following ways.

Χ Effects of factors explored in the sensitivity analyses were looked at individually (one at a time);
we did not look at the combined effects of more than one of these factors.

Χ Analyses were completed using a limited set of runs (i.e. combinations of hypotheses).
Χ Sensitivity analyses were completed only for actions A2 and A3 (A2’ results were similar to A2,

and B1 results were similar to A3; see section 6.2.5).
Χ Effects were assessed based on a limited set of summary statistics (primarily the jeopardy

standards). A more complete set of results for the sensitivity analyses is included in Appendix D.

Based on these analyses, factors that appear to have a large influence on the results include the value of D
(relative estuary/ocean survival of transported and non-transported fish), alternative ocean and in-river
harvest rate targets, and alternative recovery thresholds. Further exploration of the first factor (D values)
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will require transportation and reach survival studies to get more precise estimates of D. Further exploration
of the last two factors will require more discussion with regional policy and analytical groups.

6.3.1 Sensitivity to Effects of Other Management Scenarios

This section looks at results of other types of exploratory management scenarios. The scenarios considered
here are generally outside of the scope of the actions PATH has been directed to explore by the
Implementation Team, but were relatively easy and quick to implement (i.e. did not require different
hydroreg runs or significant changes to PATH modeling assumptions). They provide useful sensitivity and
diagnostic information.

“No transport” alternative

This alternative represents a variation on the A2 hydro management action in which transportation is halted
and all fish are allowed to migrate in-river under current hydropower operations and configurations. The
purpose of exploring this option is to assess the implications of the historical D value for the projected
benefits of transporting Snake River fall chinook smolts: a low D value suggests that historical methods of
transportation are harming fish and that survival and recovery might be enhanced by ceasing transportation
(assuming that future transportation methods would have been similar to historical). A high D value
suggests that historical methods of transportation benefit fish and that ceasing transportation would be
detrimental to survival and recovery. Note that only the retrospective D value is relevant here because there
is no transportation in the future with this option. To implement this scenario, we set Pbt to 0 and set M = -
ln(Vn) in both the CRiSP and FLUSH A2 passage model run21, then ran both passage model runs through
the life-cycle model.

Comparison of the “no transport” results to the base case A2 and A3 results for each D hypothesis are
shown in 6.3-1 (summary) and 6.3-2 (detailed results). Results for only the 48-year recovery standard are
shown because this standard showed the largest effect. Probabilities of recovery for the no transport are
close to 1.0 for those D hypotheses that assume a low retrospective D value (D1 and D3). Hypothesis D3,
which has a lower prospective D than D1 shows the greatest benefit from eliminating transportation relative
to A2. Results are quite different when a high retrospective D value is assumed (hypotheses D2 and D4). In
these cases, the “no transport” scenario results in recovery probabilities that are considerably lower (0 to 0.2
for D2, 0.6 to 0.9 for D4). With hypothesis D4, the “no transport” scenario still represents an improvement
over A2, while with D2 the no transport scenario is clearly worse than the A2 action.

These results suggest that the improvement of a no transport scenario over a full transportation scenario
(A2) depends on what is assumed about the efficacy of transportation. If transportation is assumed to have a
negative net influence on survival, (i.e. retrospective and prospective D values are assumed to be low as in
hypothesis D3), eliminating transportation and allowing fish to migrate in-river under current hydropower
operations and configurations would improve probabilities of achieving recovery standards as compared to
continuing to transport fish. However, if transportation is assumed to be beneficial for fish (as in D2, where
retrospective and prospective D values are high), eliminating transportation is detrimental to achieving
recovery standards.

                                                     
21

 Pbt = the fraction of fish below Bonneville Dam that are transported; M = -ln(total survival rate of transported and non-
transported fish to below Bonneville); Vn = survival rate of smolts that migrate in-river (i.e. are not transported)
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Figure 6.3-1: Summary results of “no transport” alternative compared to base case (A2 and A3)
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Figure 6.3-2: Detailed results of “no transport” alternative compared to base case (A2 and A3).

“Barge” alternative

This is a variation on hypothesis D1, in which at some point in the near future (implemented in model year
2002) mini-barges become the sole mode of transportation for Snake River fall chinook. Barging is
hypothesized to minimize straying and maximize survival of transported fish from that point forward, and
are assumed to yield high D values in prospective years after 2002. Two alternative D values resulting from
barging were proposed. Both are described here, but because both values produced identical survival and
recovery probabilities we show only one set of results.

a) 0.87, a value consistent with those recently estimated by NMFS for spring/summer chinook in the
Anadromous Fish Appendix, and consistent with recent analyses of Snake River fall chinook SARs.

b) 1.0, based on analyses of Transport:Control ratios for Hanford fish at McNary dam (see Appendix
A.2). Those analyses suggested that a high value of D exists for McNary dam as calculated from
both T/C and the MLE methods. This assumes that we can alter the transportation system in the
Snake River transportation system to act like the McNary transportation system. It also implies that
problems with the Snake River fish are a result of their transportation and are not inherent to the
Snake River fish.

This hypothesis is contrary to an inferred hypothesis that the differences in the two transportation systems
are due to differences in the resiliency of fish to transportation as is suggested in section A.2.3 of this report
which states “The results are close to the estimates form the McNary TC data, which suggests that Hanford
fish are much more resilient to transport from McNary, than are the Snake fish to transport from LGR
(D=0.04). It is therefore inappropriate to apply D values computed from Hanford fish transported from
McNary, to Snake River fish transported from Lower Granite Dam.”. This may or may not be the case, but
until we investigate the differences in the two transportation systems and explore stock-recruitment
equations that do not make the assumptions involved with D, the statement is premature.

The barging alternative was implemented by running the CRiSP and FLUSH A2 passage model runs
through a version of the life-cycle model that allows two D values to be input. The first D value (0.24,
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representing D values associated with current transportation in trucks) is effective from model year 1996 to
2002. The second D value (0.87 or 1.0) takes effect in model year 2002, when barging is assumed to start.

We compare the barging alternative to the base A2 case (truck transport) for hypothesis D1 to assess the
effects of an increased D value after 2002 (Figure 6.2.3-3). Results are shown only for the 48-year recovery
standard because under this D hypothesis, probabilities of survival for A2 are already close to 1.0 (Figure
6.2.2-4) so improvements related to the higher D values would not be visible. Not surprisingly, the results
with the barging alternative are similar to results for D hypothesis 2, which assumes a D = 1.0
prospectively. Clearly a higher prospective D can improve survival and recovery, although the D value that
would be associated with a change in transportation from truck to barge is uncertain.

Figure 6.3-3: Results of “barging” variation on D scenario #1, compared to base case (A2).

Harvest scenarios

All results to this point have assumed a base harvest scenario, where ocean harvest rates in the life-cycle
model are selected from 1985-1990 return years and in-river harvest rates are based on the US v. Oregon in-
river harvest agreement. There is some uncertainty about what future ocean or in-river harvest regimes
might look like, particularly in light of the recently-completed agreement between Canada and the U.S. on
the Pacific Salmon Treaty. Therefore, a PATH workgroup developed a set of alternative harvest scenarios
in which ocean and in-river harvest rates are reduced incrementally, without specifying harvest policies that
might result in those reductions. It will take a few years before the effects of this treaty, in terms of which of
these harvest scenarios is most likely, can be evaluated. These scenarios are described in section 5.3.5.,
summarized briefly here:

48-year recovery probabilities
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Harvest
Scenario Description
1 Base ocean harvest rate (selected from return year 1985-1990) /

Base in-river harvest rate (based on US v. Oregon In-River harvest Agreement)

2a Increase base ocean harvest rate by 15% / Base in-river harvest

2b Reduce base ocean harvest rate by 15% / Base in-river harvest

3 Reduce base ocean harvest rate by 50% / Base in-river harvest

4 Reduce base ocean harvest rate by 50% / Reduce base in-river harvest at lower tiers by 50%; upper
tier rates do not occur unless recovery goals exceeded by 50%

5 Reduce base ocean harvest rate by 75% / Reduce base in-river harvest at lower tiers by 50%; upper
tier rates do not occur unless recovery goals exceeded by 50%

The purpose was to explore the effects of alternative harvest scenarios on the response of Snake River fall
chinook to hydrosystem actions. We focus the analysis on 48-year recovery probabilities for action A2,
under D hypotheses D3 and D4 (Figure 6.3-4). These were the only cases where reducing harvest rates
might affect the ability of that action to achieve the 0.50 critical level; probabilities for other actions, D
hypotheses, and survival standards were virtually all well above the critical levels (Figure 6.2.2-4 and -5).

Reducing harvest rates result in increased probabilities of recovery, as would be expected. For hypothesis
D3, the largest increase in recovery probability (resulting from the most extreme scenario for reductions in
harvest rates) was around 0.2. Recovery probabilities For FLUSH model results increased sufficiently under
harvest scenarios 4 and 5 (i.e. both harvest scenarios that involved reductions in in-river harvest) to exceed
the 0.5 critical level under this D hypothesis. CRiSP results did not exceed the 0.5 level even with the
harvest scenario that had the largest reduction in ocean and in-river harvest rates. For hypothesis D4,
increases in average recovery probabilities resulting from reductions in harvest rates (i.e. all alternative
harvest scenarios except 2a) were more dramatic (maximum improvement was around 0.3), but had no
effect on achievement of critical levels. FLUSH model results were already above the critical level even
under base harvest conditions. Improvements in recovery probabilities with the CRiSP model were not large
enough to exceed 0.5.

In general the greatest differences in effects of harvest rate reductions appeared to be between scenarios 2b
and 3 (reflecting the increase in reduction of ocean harvest rates from –15% to –50%), and between
scenarios 3 and 4 (reflecting the reduction of in-river harvest rates by 50% at the lower levels of returns).
The effects of reducing in-river harvest rates can be isolated from the effects of reducing ocean harvest by
comparing results for harvest scenarios 3 and 4.
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Figure 6.3-4: Effects of alternative harvest scenarios on 48-year recovery probabilities for A2.

6.3.2 Sensitivity to Alternative Survival and Recovery Thresholds

PATH explored alternative values for survival and recovery thresholds of spawners because some PATH
participants felt that the methods used to derive fall chinook thresholds were not quantitatively rigorous and
were not consistent with the methods used to derive thresholds for spring/summer chinook. We explore
these alternative thresholds in a sensitivity analysis, but acknowledge that if the survival and recovery
thresholds are to be re-visited it must be done in conjunction with other analytical groups in the region
(such as the Biological Requirements Working Group).

Original survival and recovery thresholds were 300 and 2500 spawners respectively. For the alternative
survival threshold, we considered 700 spawners, calculated by taking the ratio of the spring/summer
survival threshold to the spring/summer recovery threshold (averaged across the 7 index stocks; this ratio ≈
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0.3) and applying this ratio to the 2500 recovery threshold for fall chinook. 700 is also approximately equal
to 10% of the maximum sustainable production (MSP) level for fall chinook, which has been used in other
applications as a critical reference point. For the alternative recovery threshold, we looked at 5100
spawners, calculated as 60% of the pre-1970 spawning abundance of Snake River fall chinook (this
approach is analogous to the method used for spring/summer chinook).

Probabilities for each run are plotted in Figure 6.3-5. Figure 6.3-6 compares average probabilities between
the original thresholds and the alternative thresholds. Overall, increasing the thresholds results in lower
survival and recovery probabilities. The largest differences in average probabilities (Figure 6.3-6) are the
decrease in 48-year recovery probabilities for actions A2 and A2’. For example, with hypothesis D1
average 48-year recovery probabilities for A2 decline from 0.9 to 0.4. With D4, average probabilities
decrease from 0.4 to 0.05. A2 and A2’ are more sensitive to the alternative recovery thresholds because in
many runs, escapements under these actions are either below or just above the threshold of 5100 (Figure
6.2.2-1). A3 and B1 are less sensitive because projected escapements are well above the thresholds for most
runs.

There are several circumstances where the increase in survival and recovery thresholds reduces the average
A2 and A2’ probabilities of exceeding those thresholds below critical levels of 0.7 for survival, and 0.5 for
recovery (A3 and B1 probabilities are above the critical levels with both the original and alternative
thresholds for all D hypotheses). This occurs with hypotheses D3 and D4 and the 24-year survival
probabilities, and with all D hypotheses with the 48-year recovery probabilities. Note that although the
average probabilities are below the critical levels in these cases, there are still some combinations of
assumptions that result in individual probabilities being above the critical levels. For example, the average
48-year recovery probability for A2 (n=2 runs) with hypothesis D1 is around 0.35 with the alternative
threshold (Figure 6.3-6). However, when one looks at the individual outcomes of those two runs (Figure
6.3-5), one of these runs produces a probability of 0.18 (below the critical level) and the other a probability
of 0.55 (above the critical level).
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Figure 6.3-5: 24-year survival and 48-year recovery probabilities for each D hypothesis and each action using
alternative set of survival and recovery spawner thresholds. Number of runs for each action are
indicated in parentheses.
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Figure 6.3-6: Average 24-year survival and 48-year recovery probabilities for each D hypothesis and each action
using alternative set of survival and recovery spawner thresholds. Number of runs for each action are
indicated in legend.

6.3.3 Sensitivity to Model Assumptions and Parameter Values

6.3.3.1 Increase in Spawning Habitat Following Snake River Drawdown

It is assumed in the life-cycle model that drawdown of the lower four Snake River projects will increase
spawning habitat for Snake River fall chinook by 77%, based on the change in length of unimpounded river
miles. This increase in habitat is implemented in a given simulation year only when the number of projected
spawners exceeds 18,000, which is the largest observed number of spawners from 1965 to 1991. USGS-
BRD and Batelle Pacific Northwest Laboratories have simulated an unimpounded lower Snake River based
on 1934 sounding data. This analysis suggests that only about 24% of the wetted area of the lower Snake
River prior to impoundment was suitable for spawning. If this is assumed to also apply to the unimpounded
Snake River following Snake River drawdown, then the increase in spawning habitat under drawdown
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would be less than the 77% that is currently implemented in the model, and the results of drawdown
scenarios (A3 and B1) would be overestimated.

The purpose of this section is to assess the sensitivity of model outcomes to assumptions about the change
in spawning habitat following Snake River drawdown. To do this, we did a single sensitivity run where
spawning habitat was assumed not to change following drawdown, at any spawning abundance. Note that
this is a more extreme assumption than is implied by the 1934 sounding data, because it assumes that 0% of
the habitat that would be created by drawdown of the Snake River dams would be suitable for spawning.
The sensitivity run was a B1 scenario, using the most optimistic set of passage and drawdown
assumptions.22 We used the fall-D model, and show results for the base harvest scenario. We used the
projected median number of spawners in every 5th year of the 100-year simulation period, because
this is a more sensitive indicator than the jeopardy standards (the jeopardy standards were
unaffected by spawning habitat assumptions because the thresholds were exceeded in almost all cases
whether or not an increase in spawning habitat was assumed).

Results are shown in Figure 6.3-7. As expected, assuming no increase in spawning habitat following
drawdown reduces the projected number of spawners from the base case (the base case was the identical set
of passage, drawdown, D, and harvest assumptions as the sensitivity run, but assumed a 77% increase in
spawning habitat under drawdown when spawner abundance exceeds 18,000). With CRiSP, the steady-state
spawning abundance decreases from around 20,000 under the base case to around 14,000 when no
spawning habitat increase is assumed. For FLUSH, the steady-state spawning abundance decreases from
around 23,000 to 15,000.

                                                     
22

 The most optimistic assumptions were used to maximize the number of times the projected number of spawners exceeded 18,000,
thereby showing (for illustrative purposes) the maximum effect of assuming no increase in spawning habitat.
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Figure 6.3-7: Effects of assumptions about spawning habitat changes under drawdown on median spawners, using
an optimistic B1 scenario and the base harvest scenario.
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6.3.3.2 Conversion Rates Under Drawdown

In the PATH life-cycle model, adult conversion rates for drawdown actions (A3 and B1) are assumed to
change as a result of dam removal. During the two year construction period, conversion rates are set to 50%
of their current, impounded level to reflect possible adverse effects of construction on adult upstream
survival. Then, once the dams are removed, we assume that conversion rates increase from a 1985-1996
average base (A2) conversion rate of 0.422 to an average of 0.830 following drawdown (Table 4.5-5).). To
determine the sensitivity of outcomes for drawdown actions to the assumption that conversion rates increase
following dam removal, we completed a set of 8 A3 life-cycle model runs (an optimistic and a pessimistic
set of assumptions with both CRiSP and FLUSH; hypothesis D2 and D3 to bracket the range of
hypothesized D values) where conversion rates remained at their impounded level and did not increase
following drawdown. For consistency, this required a new set of Snake River run reconstructions with the
assumption that conversion rates before the Snake River dams went in were the same as they are currently
with four Snake River dams in place (see description of alternative run reconstructions in Appendix F).
Because the run reconstructions changed, the alternative conversion rate assumption also affected results for
A2,23 so we include A2 (both with and without the increase in conversion rates) in the results.

Results for the upper (FLUSH with optimistic assumptions) and lower (CRiSP with pessimistic
assumptions) cases are shown in Figure 6.3-8. With hypothesis D3, assuming no change in conversion rates
affected all survival and recovery probabilities for A2, and had a slight effect primarily on the survival
standards for A3. Effects on A2 were largest with the 48-year recovery probabilities, while 24-year survival
probabilities showed the largest effect for A3. Assuming that conversion rates are unaffected by the
presence of dams did not affect the ability of A3 to meet survival and recovery probabilities with this D
hypothesis because the probabilities for A3 were above the critical levels of 0.7 (survival) and 0.5
(recovery) regardless of what was assumed about conversion rates following drawdown. However, the
alternative conversion rate assumption did reduce the 24-year survival probability for A2 below the 0.7
critical level with the pessimistic set of model assumptions (from 0.72 to 0.60) with hypothesis D3.

The effects of the alternative conversion rate assumption were larger with hypothesis D2 than with D3.
Because the reduction in the survival and recovery probabilities for A3 was greater than A2 with this D
hypothesis, survival and recovery probabilities for A2 exceeded those of A3 with the alternative conversion
rate assumption. Survival probabilities for all actions remained above the 0.7 critical level regardless of the
conversion rate assumption. However, the alternative conversion rate assumption reduced the 48-year
recovery probabilities for both actions below the 0.5 critical level.

                                                     
23

 Results for A2 are affected by the change in conversion rate assumption because with the different set of spawner-recruit data,
estimates of productivity, D and other parameters estimated in the life-cycle model will be different. Because these parameter
estimates are used in the forward projections, all future scenarios including non-drawdown scenarios (A2 and A2’) will be
affected.
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Figure 6.3-8: Effect of assuming no change in conversion rates on survival and recovery probabilities for A2 and
A3.

As noted above, alternative conversion rate assumptions affect historical parameter estimates in addition to
their direct effects on upstream survival under drawdown scenarios. Because these historical parameter
estimates are used in forward simulations, alternative conversion rates influence assessments of both
drawdown and non-drawdown actions such as A2. To illustrate these historical effects, selected parameter
estimates under base and alternative conversion rate assumptions are compared in Table 6.3-1.

The alternative conversion rate assumption tends to result in higher Ricker a estimates. However, the
increased productivity associated with a higher Ricker a appears to be offset by lower estimated D values
(as in D3), or a larger STEP function when D is specified and STEP estimated (as in D2). Conversion rate
assumptions do not affect estimates of the Ricker b parameter or the spawning effectiveness of hatchery fish
(“E”). The additional ocean mortality implied by a lower D or larger STEP tends to reduce survival and
recovery probabilities, as shown in Figure 6.3-8.

Table 6.3-1: Comparison of historical parameter estimates with base and alternative conversion rate assumptions.

D2 D3Passage
Model Parameter Base Alternative Base Alt

Ricker a 1.78 2.05 1.70 2.03
Ricker b 0.00013 0.00017 0.00013 0.00017
D (note 1) 1.0 fixed) 1.0 (fixed) 0.092 0.047
STEP (note 1) 0.696 1.024 0.0 (fixed) 0.0 (fixed)

CRiSP

E 0.21 0.22 0.51 0.52
Ricker a 1.89 2.13 1.84 2.03
Ricker b 0.00014 0.00017 0.00014 0.00017
D (note 1) 1 1 0.077 0.047
STEP (note 1) 0.788 1.129 0 0

FLUSH

E 0.20 0.21 0.52 0.52
Notes: With hypothesis D2, D is fixed at 1.0, and the STEP term is estimated. With hypothesis D3, STEP

is fixed at 0, and D is estimated.
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6.3.3.3 Sensitivity to Bypass and Direct Transport Survival Assumptions

The current round of passage modeling assumes that survival of smolts through the bypass is 0.90 and the
direct transport survival of transported fish (i.e. survival in trucks/barges) is 0.98. Further discussion and
analyses of available data (see Section 4.2.1) led to the following proposed alternative values:

1. Bypass = 0.79
2. Bypass = 0.98
3. Direct transport survival = 0.90

To see what effect the alternative values had on model outcomes, the passage modelers completed a set of
three retrospective and prospective runs using these three alternative values. Because we have not had
time to do the analysis with the current passage models, the sensitivity runs were produced using the
earlier version of the passage models that included alternative hypotheses about the rearing and migration
behavior of smolts in Lower Granite reservoir, and used the lower bound on predator removal effectiveness
(0% reduction in predation mortality). Even though the current set of results do not include those
assumptions, these results still illustrate the sensitivity of passage model outputs to assumptions about
bypass and direct transport survival. The assumptions for each run are summarized in Table 6.3-2.

Table 6.3-2: Assumptions for passage model sensitivity runs.

Run Life-Stage
Free-Flow
Survival

Hydro
Action

Predator
Removal Effects

Bypass
Survival

Direct Transport
Survival

Base Excludes rearing Upper bound N/a N/a 0.90 0.98
1 Excludes rearing Upper bound N/a N/a 0.79 0.98
2 Excludes rearing Upper bound N/a N/a 0.98 0.98

Retrospective

3 Excludes rearing Upper bound N/a N/a 0.90 0.90
Base Excludes rearing N/a A2 0% 0.90 0.98
1 Excludes rearing N/a A2 0% 0.79 0.98
2 Excludes rearing N/a A2 0% 0.98 0.98

Prospective

3 Excludes rearing N/a A2 0% 0.90 0.90

We use the total (weighted average) survival of transported and non-transported smolts to below Bonneville
Dam as the model outcome with which to gauge the effects of the alternative bypass and transport survival
values. Results are summarized in Figures 6.3-9 (retrospective) and 6.3-10 (prospective). Overall, the
alternative bypass and direct transport survival values have minor effects on outcomes. Effects are largest
with FLUSH, particularly since 1992 when the proportion transported has generally been highest (see
Figure 6.1.2-2). For FLUSH, direct survival rates using alternative values for bypass and direct transport
survival are within 0.08 of the base condition. Sensitivity outcomes are within around 0.05 of the base case
for CRiSP.

Although we have not completed life-cycle model runs using these alternative bypass and direct transport
survival assumptions, the small effects on passage model outputs suggests that the effects on jeopardy
standards would be minimal.
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Figure 6.3-9: Effects of alternative bypass and direct transport survival values on retrospective passage model
outcomes.
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Figure 6.3-10: Effects of alternative bypass and direct transport survival values on prospective (A2) passage model
outcomes.

6.3.3.4 Sensitivity to Assumptions about Predator Removal Effectiveness

In an earlier fall chinook analysis, we had considered two hypotheses about the effectiveness of the northern
pikeminnow reduction program in reducing mortality on juvenile salmon caused by predation. One
hypothesis (PREM1) was that the program has had no effect (i.e. resulted in 0% reduction in predation
mortality), the other (PREM2) was that the reduction in predation mortality on juvenile salmon has
averaged around 15%. The results of the earlier analysis suggested that these two hypotheses had very little
effect on the results. Therefore, for expediency we have only modeled the PREM2 hypothesis (average 15%
reduction in predation mortality) in this round of analyses. We emphasize that the exclusion of the PREM1
hypothesis was simply for expediency, and is not intended to suggest that the 15% reduction hypothesis is
more likely than the 0% reduction hypothesis (arguments for and against both hypotheses are included in
section 5.2.1).

In this section, we present the results of a sensitivity analysis of in-river survival under A2 to the alternative
PREM assumptions (Figure 6.3-11). The results confirm the earlier finding that the alternative assumptions
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have little or no effect on in-river survival. Therefore, while the effect of the NPM program remains
uncertain, it is not important to consider that uncertainty in the decision analysis for Snake River fall
chinook.
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Figure 6.3-11: Sensitivity to alternative assumptions about the effectiveness of the predator removal program.

6.3.3.5 Sensitivity to Alternative D Values

Introduction and Description of Assumptions

We did a limited number of sensitivity runs using fixed D values of 0.0. 0.05, 0.1, 0.15, 0.2, 0.4, and 1.0
(the same fixed value was applied both retrospectively and prospectively, using the fall-S model).
Retrospective results from these sensitivity runs were reported in Section 6.1.2. In this section we report the
effects of alternative D values on prospective results (i.e. jeopardy standards). The purpose was to explore
the effects of alternative D values on overall outcomes of actions A2 and A3.
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We used the following set of assumptions for these runs:

Passage and Drawdown Assumptions

A2: CRiSP and FLUSH passage models (current version from face of LGR)
A3: CRiSP and FLUSH passage models

Upper bound juvenile survival rate in unimpounded river
8-year pre-removal period
10-year transition period

Note: These drawdown assumptions tended to result in intermediate life-cycle model results (i.e. close to
the average over all assumptions).

Life-Cycle Model Assumptions

Extra mortality hypotheses: Regime shift, here to stay, hydro
(separate results are reported using the average of these hypotheses, and
for each extra mortality hypothesis individually)

Harvest: Base ocean / base in-river (sensitivity analysis showed that results using
the 50% reduction in ocean harvest scenario were very similar to those
using the base harvest scenario)

Spawner thresholds: Base (300 spawners for survival threshold, 2500 for recovery)

Results

Figures 6.3-12 and 6.3-13 shows the 24-year survival and 48-year recovery probabilities for each action,
passage model, and D value (results are averaged over the other uncertain factors, such as the drawdown
uncertainties and extra mortality of non-transported fish). Survival probabilities for A2 and A3 increase as
the D value increases, although A2 probabilities increase more quickly than A3 probabilities. The result is
that at D values below 0.2 for CRiSP (0.1 for FLUSH), A3 survival probabilities exceeded A2. Above these
values, A2 and A3 survival probabilities were very similar. Although there is no transportation once dams
are breached in A3, higher D’s likely improve 24-year survival probabilities under A3 because with an 8-
year pre-removal period and 2 years of construction, transportation would still be in place for more than a
third of the 24 years, and because the retrospective D value affects retrospective parameter estimates.
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Figure 6.3-12: Sensitivity of 24-year survival probabilities to alternative D values (averaging over the extra
mortality hypotheses).

The pattern is different with the 48-year recovery standard (Figure 6.3-13). There, recovery probabilities for
A2 were virtually zero until D values reach 0.15 (CRiSP) or 0.1 (FLUSH); after that, they increase to
around 0.7 at D = 1.0. A3 probabilities =1 for all D values up to 0.4. With a D value of 1,0, A3 recovery
probabilities are around 0.9 for both models. Alternative D values of 1.0 or lower do not change the ranking
of actions based on the 48-year recovery standard (A3 recovery probabilities exceed A2 probabilities at all
values of D).

Figure 6.3-13: Sensitivity of 48-year recovery probabilities to alternative D values (averaging over the extra
mortality hypotheses).

Extra mortality hypotheses (expressed through the STEP term) are more important when D values are high.
Therefore, we show results for the three extra mortality hypotheses separately in Figures 6.3-14 (regime
shift), 6.3-15 (here to stay), and 6.3-16 (hydro). Results are shown only for the 48-year recovery standard
because this standard shows the greatest response to D assumptions. With all extra mortality hypotheses, A2
recovery probabilities are 0 below D values of 0.1 – 0.15, after which they increase as D increases. With the
regime shift extra mortality hypothesis, the recovery probability for A2 at D=1 is around 0.85 for both
CRiSP and FLUSH. With the here to stay and hydro hypotheses (note that these are identical for A2
because the hydro hypothesis is defined as “here to stay unless the dams are removed”), the recovery
probability at D=1 is 0.55 for CRiSP, 0.62 for FLUSH. A3 recovery probabilities = 1.0 at all D values with
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the regime shift and the hydro hypotheses. With the here to stay hypothesis, A3 recovery probabilities = 1.0
up to a D value of 0.4. At D=1, A3 probabilities are 0.76 for CRiSP and 0.69 for FLUSH.

Figure 6.3-14: Sensitivity of 48-year recovery probabilities to alternative D values (regime shift extra mortality
hypothesis).

Figure 6.3-15: Sensitivity of 48-year recovery probabilities to alternative D values (here to stay extra mortality
hypothesis).

Figure 6.3-16: Sensitivity of 48-year recovery probabilities to alternative D values (hydro extra mortality
hypothesis).
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Appendix A - Rationale for Alternative Hypotheses about
Extra Mortality of Transported Smolts (D)

This Appendix describes more detailed analyses relating to estimation of D values for Snake River fall
chinook. Because there are no specific transportation studies for this stock, we have explored a variety of
other datasets that may provide useful information on the relative post-Bonneville survival of Snake River
fall chinook. These datasets include:

Χ Snake River PIT-Tag Data (Section A.1)
Χ Hanford Reach transportation studies conducted at McNary Dam (Section A.2)
Χ Smolt-Adult Return Rates for Snake River Fall Chinook (Section A.3)

These sections provide supporting material for alternative D hypotheses, and reflect the analyses and
opinions of individual PATH scientists.

A.1 Analyses of Recent Snake River PIT-Tag Data

This section includes four different analyses of recent PIT-tag data (Subsections A.1.1 to A.1.4)

A.1.1 Snake River Fall Chinook T/C and D Values from PIT-Tagged Smolts

In the PATH analyses, the term “D” is used to denote the ratio of post-Bonneville survival rate of
transported fish to that of non-transported fish. A “D” value of less than one suggests that transported fish
have lower post-Bonneville survival rates than non-transported fish, while a D value of greater than one
suggests that transported fish survive better post-Bonneville than non-transported fish. If D=1, then both
transported and non-transported fish have the same post-Bonneville survival rate.

Because most Snake River fall chinook juveniles are transported, estimates of the relative post-Bonneville
survival of transported and non-transported fish are important in determining the relative efficacy of
hydropower actions relying on smolt transportation. In addition, estimates of “D” are extremely influential
in determining the effectiveness of past reliance on transportation. Because no Snake River fall chinook
transportation studies have been conducted to date, PATH researchers investigated several methods of
estimating “D” values indirectly (see section 5.3.2 for a summary). These methods included:

Χ Estimating “D” directly in the BSM life cycle model
Χ Estimating “D” from spring/summer chinook values
Χ Estimating “D” based on McNary T/C studies and passage model projections of McNary-

Bonneville smolt survival
Χ Estimating “D” based on adventitious use of Snake River PIT-tagged fall

This section briefly discusses the use of available PIT-tag data to calculate D values (method 4), and
discusses some of the problems with using the PIT-tag data to do this. “D” values estimated from each of
these four methods are summarized in Section 5.3.2.

There are two important problems with the PIT-tag methods. The first is simply the small sample sizes of
both tagged juveniles (moving in-river and via barges) and of returning adults. This greatly limits the
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information that can be gleaned regarding the efficacy of transportation. In addition, many fall chinook
over-winter in the hydrosystem above Bonneville Dam. It also appears that some fall chinook move
downstream during the late fall through early spring, when no bypass or detection facilities are operating.
This in turn causes problems for “D” estimates based on comparisons of fish seen at dams versus those that
are not detected following release difficult or impossible (i.e. Sandford and Smith, “Smolt-to-adult return
percentages for Snake River Basin salmonids, 1990-1995,” 1999, in review).

The TCR’s and “D” values derived from PIT-tagged smolts may be calculated as follows:

SAR (transport) = Adult returns (smolts transported at LGR) / Smolts transported at LGR
SAR (non-transport) = Adult returns (smolts not transported at LGR or below) / Smolts not transported

at LGR or below
TCR = SAR(transport)/SAR(non-transport)
TCR = D/Survival of in-river migrants, so:
“D” = TCR * Survival of inriver migrants.

The survival of in-river migrants is estimated from passage models, while the TCR can be estimated
directly from PIT-tagged fish. The above example is for Lower Granite (LGR); the method can be similarly
applied to other transport projects.

The question that arises is how much the PIT-tagged fish can reveal about the “true” D value for wild fall
chinook from the ESU. Aside from potential problems noted in section A.1.2 (such as the ability to
generalize from tagged hatchery smolts to the wild population) the PIT-tagged fish have both small
numbers of releases and small numbers of adult returns. This greatly limits the amount of information one
can extract from the data.

There are many ways to compare the PIT-tag data. For example, in 1995, 3542 hatchery-origin PIT-tagged
subyearlings (length at tagging < 125 mm) were detected at LGR (Section A.1.2 uses somewhat different
methods, but the resulting TCRs are similar). None of the fish last detected in an LGR raceway (and
therefore presumably transported) were subsequently detected downstream. In addition, none of the fish are
known to have over-wintered in the hydrosystem, because none were detected the following year at projects
with detection facilities. Of the 3542 smolts, 2796 migrated in-river, and 746 were transported (note that
returns from 1995 are not yet complete; a few 4-ocean fish may return this fall). Of the in-river group, 14
were subsequently detected as jacks (1-ocean) or adults (2+ ocean) fish at the LGR upstream trap. The SAR
for in-river migrants was therefore 14/2796, or 0.5%, while for the transport group it was 0.54%. The TCR
would then be 1.18 (0.54/0.5). If in-river survival from LGR was 20%, the resulting “D” value would be
0.24.

However, these mean values ignore the “noise” inherent in the data. If one bootstraps the sample of 3542
fish, the 5% and 95% confidence limits on the TCR are approximately 0.25 and 2.61, respectively.
Corresponding values for D are 0.05 and 0.52. In other words, D values could differ by a factor of 10, so the
PIT-tagged fish simply do not provide much information about the value of D.

The other problem noted above is that some fall chinook over-winter in the hydrosystem (see section
A.1.3). In addition, it appears that fall chinook continue to move through the hydrosystem when screens and
detectors are not operating. This complicates both SAR estimates and in-river survival estimates, since non-
detected fish may have simply passed a project via spillways or turbines, or they may have moved
downstream during the winter. More importantly for TCR estimation, it means that one cannot form a
comparison group of “never detected” fish to compare with transported, tagged individuals.
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A.1.2 Snake River Fall Chinook T/C Estimates

In this data set, T/C ratios (SARtransport/SARin-river) were 0.85 in 1995 and 0.92 in 1996 for Snake River
hatchery fall chinook (see below). Lyons Ferry Hatchery fish were PIT-tagged and released as subyearlings
upstream of LGR in 1995 and 1996. Most fish migrated as subyearlings that year to the collector projects,
although the 1996 data set includes 1995 holdovers that were first detected as yearlings. T/C ratios were
estimated from a limited number of PIT-tagged, hatchery fall chinook smolts that were either transported or
bypassed at LGR, LGO, LMO and MCN dams for the 1995-1996 migrations. Estimates were based on
juveniles detected at the collector dams prior to September, and on incomplete adult returns. Adult returns
from the 1995 and 1996 migrations will be complete (for 5-year olds) in fall 1999 and 2000, respectively.
The in-river groups (bypassed one to four times) were not fully representative of true in-river migration
under transportation operations, and there are no estimates of SAR for an undetected group, which would
better represent true in-river fish. Other limitations of the data set include small sample size (and large
confidence limits), a limited time series, and use of hatchery rather than wild fall chinook (see below).

T/C ratios of 1.0 or less imply that transported fall chinook smolts from the Snake River had much greater
delayed mortality (below Bonneville Dam) following transportation than that experienced by in-river
smolts. The differential delayed mortality for T/C = 1.0 would be roughly equivalent to the direct mortality
of smolts passing through the hydrosystem from the point of collection (primarily LGR).

D-values that are implied based on the 1995-1996 T/C estimates appear generally consistent with the
adjusted D-values used in prospective analyses with specified D’s. Assuming that in-river survival was
about 0.2 from LGR, and the 1995 point estimate of T/C = 0.85, the implied D-value would be about 0.17.
In comparison, the adjusted D’s in the prospective analyses ranged from 0.15 to 0.17 for CRiSP and from
0.13 to 0.14 in FLUSH (Table 6.1.2-9).

Criteria

The following criteria were used to characterize potential T/C data sets for wild Snake River fall chinook
(similar criteria would apply for spring/summer chinook):

1. Wild fall chinook data are more appropriate than hatchery data.
2. Transport and control groups should be subyearlings rather than yearlings.
3. “Controls” should experience similar conditions as true in-river smolts under transportation-based

management. That is, “controls” would not be bypassed at collector dams (i.e. a “non-detected”
group would be most appropriate).

4. Data from fish tagged upstream of collector projects may be more representative than for those
tagged at the collector projects (removes some of potential handling and marking effects).

5. Transport and control groups should migrate to study projects (i.e. not transported from a hatchery).
6. Transport and control groups should have similar outmigration timing as the overall population.
7. Data should span a wide range of years and passage (flow/spill) conditions.

There are no fall chinook data sets that meet all criteria proposed above. Also, some criteria are more
important than others. In particular, the indications of delayed mortality due to multiple bypass for
spring/summer chinook (R. Kiefer IDFG; Sandford and Smith NMFS) and fall chinook (Cooney NMFS)
suggest that criterion 3 is quite important.
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Hatchery Releases Above LGR, 1995-1996

Limited numbers of PIT-tagged hatchery fall chinook are available to estimate “T/C” ratios
(SARtransport/SARinriver) at LGR, LGO, LMO and MCN for the 1995-1996 migrations. These data meet
criteria 2, 4, 5 and 6 (by selecting appropriate date range). Fall chinook smolts in the two years experienced
higher flows (does not meet criterion 9). In-river groups include only bypassed fish (does not meet criterion
3). Adult returns from the 1995 and 1996 migrations will be complete for 5-year olds in fall 1999 and 2000,
respectively.

Lyons Ferry Hatchery fish in this data set were PIT-tagged and released as subyearlings upstream of LGR
in 1995 and 1996. Most fish migrated as subyearlings that year to the collector projects, although the 1996
data include 1995 holdovers that were first detected as yearlings. The last PIT-tag monitor where a fish was
detected was used to assign a fish to a transport or bypass group. During each migration year there were
periods at each dam when the normal transport operations were interrupted, and fish were bypassed. These
exceptions were accounted for in this data set. Details are provided by Byrne (1999a,b).

The in-river and transported groups include a range of dam passage histories. The LGR in-river group
represents those smolts first detected and bypassed at LGR, and never transported from subsequent projects.
This in-river group includes a range of dam passage histories with one to four collection/bypass
experiences. The LGO in-river group represents fish first detected and bypassed at LGO, and never
transported from subsequent projects. The LGO group experienced collection/bypass at one to three dams.
The LMO in-river group represents fish first detected and bypassed at LMO, and not transported from
MCN. The LMO group experienced collection/bypass at one or two dams. The MCN group was first
detected at that project and not transported. Transported smolts from each project may have been bypassed
at upstream projects.

Data were classified into two periods: pre-September, and September-December 15. The date assigned to
the in-river groups represents date of first detection. The date assigned to transport groups represents date of
detection from the transportation project. Because most wild subyearlings pass these projects before
September, the pre-September data are more representative of wild fall chinook.

Data for 1995 and 1996 are summarized in Table A.1-1. Hatchery fall chinook T/C ratios in the pre-
September period (all projects combined) were 0.85 in 1995 and 0.92 in 1996. The T/C ratio after
September 1 was 0.62 in 1995 and 1.21 in 1996. Adult returns are incomplete for both years. In 1999 5-year
old adults will return from the 1995 migration, and 4-year old adults will return from the 1996 migration.

The SAR increased for fish detected after September 1 in both years. The SAR was less than 0.5% in 1995
for both transported and bypassed groups before September, and 1.0-1.5% in September-December. A
similar pattern is apparent for the 1996 migration.

Sandford (1999) describes how it would be very difficult or impossible to estimate smolt numbers for an
“undetected group” in 1995 due to a winter flood and a November deactivation of PIT-tag facilities (section
A.1.4).
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Table A.1-1: Number of smolts and adult returns for transport and bypass groups, smolt-to-adult return rates
(SAR) and ratio of SARtransport/SARbypass (“T/C”) for Lyons Ferry hatchery subyearling fall chinook
released above Lower Granite Dam, 1995 and 1996.

Year,    Number of smolts   Number of adults
Period Dam Transport Bypass Transport Bypass SARtransport SARbypass T/C

1995
pre-Sept. LGR 207 2626 1 12 0.483% 0.457% 1.06
pre-Sept. LGO 77 870 1 4 1.299% 0.460% 2.82
pre-Sept. LMO 98 410 0 2 0.000% 0.488% 0.00
pre-Sept. MCN 145 122 0 0 0.000% 0.000% NA
pre-Sept. All 527 4028 2 18 0.380% 0.447% 0.85

Sept-Dec. LGR 2 910 0 10 0.000% 1.099% 0.00
Sept-Dec. LGO 41 204 0 6 0.000% 2.941% 0.00
Sept-Dec. LMO 29 84 0 1 0.000% 1.190% 0.00
Sept-Dec. MCN 131 190 2 5 1.527% 2.632% 0.58
Sept-Dec. All 203 1388 2 22 0.985% 1.585% 0.62

1996
pre-Sept. LGR 1433 7934 2 12 0.140% 0.151% 0.92
pre-Sept. LGO 951 2633 0 2 0.000% 0.076% 0.00
pre-Sept. LMO 202 2166 1 2 0.495% 0.092% 5.36
pre-Sept. MCN 139 640 0 0 0.000% 0.000% NA
pre-Sept. All 2725 13373 3 16 0.110% 0.120% 0.92

Sept-Dec. LGR 102 741 2 9 1.961% 1.215% 1.61
Sept-Dec. LGO 23 42 0 0 0.000% 0.000% NA
Sept-Dec. LMO 11 8 0 0 0.000% 0.000% NA
Sept-Dec. MCN 12 18 0 0 0.000% 0.000% NA
Sept-Dec. All 148 809 2 9 1.351% 1.112% 1.21

Assessment of Relevance to Calculate “D” Values

The 1995-1996 T/C data set in Table A.1-1 are useful for comparison to the D-values generated through the
MLE. One option is to calculate and compare the modeled T/C ratios, which are implied by the MLE
estimates of D-values and in-river survival estimates from the passage models, to the observed T/Cs for
these years. The pre-September T/C estimates are the more appropriate values (point estimates: 0.85 in
1995 and 0.92 in 1996). A second option is to perform a sensitivity analysis with T/C ratio equal to 1.0 or
less.

Limitations of the data set include small sample size, and T/C observations were for hatchery rather than
wild fish performance (criterion #1). The in-river groups (bypassed one-four times) are not fully
representative of true in-river migration under transportation operations, and there are no estimates of SAR
for an undetected group (#3). The T/Cs may be biased high if multiple bypass results in delayed mortality of
fall chinook, similar to spring/summer chinook. Also, the data set is for a very limited time series (#7) with
higher flows.

Concerns about overwintering of fall chinook (section A.1.3) on data interpretation are seemingly minor for
this data set, aside from the inability to estimate SARs for an undetected group. Data represent adult returns
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from observed detections. Dates are indexed to first detections for bypassed fish and to date of collection
for transported fish. The proportion of bypassed smolts that were detected the next spring/summer was
small (A. Byrne pers. comm.).

Literature Cited

Byrne, A. 1999a. Chinook salmon smolt-to-adult survival throughout the smolt migration period. March
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spreadsheet. March 24, 1999.

A.1.3 Overwintering Fall Chinook Smolts

A number of PATH participants have done some work with PIT-tagged Snake River fall chinook, for use in
a variety of contexts, ranging from in-river survival estimates to SAR’s and “D” values. The investigations
reported here demonstrate some potential problems with these analyses. In particular, it appears that non-
trivial numbers of fall chinook parr overwinter somewhere between release at or above Lower Granite
(LGR) and Bonneville (BON), and leave the hydrosystem in the spring, 6-9 months after their release. In
addition, the fish that are detected in the hydrosystem after overwintering are much more likely to survive
and be detected at LGR as jacks (1-ocean) or adults (2+ ocean) than are summer/fall detections. Finally, no
fish are detected at any project between roughly the end of December (when screens are pulled at McNary,
MCN) and the middle of March, when screens are returned at most mainstem projects. However, fall
chinook smolts are detected at the projects up to the time screens are pulled, and immediately after screens
are replaced in the spring.

Because of this, comparisons for spring chinook done by Sandford and Smith (1999), or by Russ Keifer,
which compare never-detected fish to those detected one or more times, are confounded with the
overwintering fish, which may migrate out of the system during the winter when no detections are possible.
In addition, PIT-tag based in-river survival estimates are likely to be biased low, since detections at
mainstem projects end each fall before all surviving fish have cleared the system.

This analysis used the following release information for wild and hatchery fish. For wild fish, we queried
PTAGIS for chinook (species =1), of wild or unknown origin, released by either the USFWS or the Nez
Perce tribe, run code 3 (falls) or 5 (unknown). A few fish (presumably spring/summer) having migration
year > tagging year were eliminated. For hatchery fish, we used species 1, run 3, hatchery origin, released at
or above river km 522.173 (LGR). The resulting releases by tagger-assigned migration year are shown in
Table A.1-2. Obviously, wild releases are an order of magnitude smaller than hatchery releases, and fall
chinook releases overall are an order of magnitude smaller than spring/summer chinook.
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Table A.1-2: Fall chinook released above LGR and at LGR, 1991-97.

Hatchery Releases Wild Releases
Migration Year Above LGR At LGR Total Above LGR At LGR Total

91 0 0 0 707 0 707
92 0 0 0 990 0 990
93 0 0 0 1772 0 1772
94 0 0 0 3033 0 3033
95 16498 3509 20007 1950 0 1950
96 35286 6 35292 580 0 580
97 71103 0 71103 728 0 728

Tables A.1-3 and A.1-4 show the percentages of detections at each project that occur in the calendar year
following release. A zero denotes projects with all detections occurring in the summer/fall after release,
while a “?” denotes projects with no fall chinook detections. For wild fish, the numbers vary widely, from 0
to 94%, looking across all years and projects. This is perhaps not surprising, given the small release
numbers. For hatchery fish, the numbers also vary widely, though not so much for Snake River projects.
The number of fish detected for wild fish is often < 10, especially for projects below McNary, while for
hatchery fish detections usually number in the thousands at Snake projects, the hundreds at McNary, and in
the 10’s at John Day and Bonneville. While highly variable, the percentages are not trivial. For example, the
majority of wild detections at MCN often occur in the spring following the onset of migration, and most of
the (admittedly sparse) detections at John Day occur “late” as well. Note that for John Day and Bonneville,
detection systems were improved substantially between 1994 and 1999, which may confound the
comparisons: if each year had improved detection probabilities, this would result in an upward bias in the
percent detected late.

Table A.1-3: Wild Fall Chinook Percent Detected “Late” (spring of year after release), 1991-97.

Migration Year LGR LGS LMN MCN JDA BON
91 1 12 ? 33 ? ?
92 0 0 ? 38 ? ?
93 9 16 84 92 ? ?
94 2 31 61 94 80 ?
95 0 2 2 2 0 0
96 0 3 3 5 33 50
97 12 8 17 44 100 33

Table A.1-4: Hatchery Fall Chinook Percent Detected “Late” (spring of year after release), 1995-97.

Migration Year LGR LGS LMN MCN JDA BON
95 <1 4 12  5 39 27
96 <1 3  5  6  5 28
97 <1 2  4 14 93 17
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Table A.1-5 shows SAR’s and “LCRs” for the hatchery fish detected at MCN in 1995-97. The 1st column
shows the migration year, the 2nd the percentage detected in the same year as release, and the 3rd the SAR
for the on-time fish. Columns 5 and 6 display similar information for the “late” detections the following
spring, while the last column is the ratio of late-to-early SAR’s. As one can see, this ratio for 1995 is
slightly over 4, while for 1997 (jack returns only) it is about 6.1: other things being equal, it may be better
to overwinter in the reservoirs than in the estuary or ocean. However, this may overstate the advantage,
since we do not know overwinter (fall to spring) survival rates for PIT-tagged fish that migrate out of the
system in the fall – these could be higher than those for fish staying in the reservoirs. In addition, we do not
have data to calculate overwinter survival rates for fish that remain in the hydrosystem, since fish may leave
the system when detection systems are not operating. On the other hand, it may understate the advantage:
some fish detected at MCN in the fall may have remained above BONN until the following spring. It might
be interesting to do something similar for hatchery fish at the other Snake projects (wild fish detections or
lower river detections of hatchery fish are probably not high enough to allow something similar for them).
In addition, it suggests that useful information might be gained by leaving some screens and detection
systems operating through the winter months.

Table A.1-5: Late/On Time SARs for hatchery Fall Chinook detected at MCN, release years 1995-97. LCR =
SAR of late fish / SAR of “on-time” fish

Migration Year % "on time" SAR % "Late" SAR LCR
95 95 0.007413 5 0.030181 4.071429
96 94 0 6 0.00119 ?
97 86 0.001196 14 0.007349 6.142857

Conclusions:

The possibility of fish moving from LGR to BON during the winter, when detections are impossible,
confounds any attempt to compare non-detected fish to others (transported, detected once, etc.).

In-river survival estimates are biased downwards, since fish not detected during the summer and fall are be
assumed to have died. However, the size of this bias cannot be determined with presently available data.

It may be better for fall chinook to overwinter in the hydrosystem (i.e. to wait to leave until the following
spring) than to migrate below Bonneville in the fall. However, data needed to support this (overwinter
survival of fish that leave the system and those that remain in the reservoirs) are not presently available.

A.1.4 1995 Fall Chinook SARs

The following is a description of the juvenile outmigration and adult return distribution to date for the
hatchery fall chinook released above Lower Granite Dam in 1995. NMFS believe it provides evidence that
is would be very difficult or impossible to process this data set through the SAR program we (NMFS) have
used for other data sets.

Numbers

Nearly 16,300 hatchery fall chinook were PIT tagged and released above Lower Granite Dam in 1995. So
far 81 of these have returned to Lower Granite Dam as 1-, 2-, or 3-ocean adults (5 transports, 40 bypassed,
34 not detected, and 2 holdovers).
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Facts

1. The PIT-tag facilities at Lower Granite, Little Goose, and Lower Monumental Dams were
deactivated/dewatered on 11/1/95 while the McNary facility continued operation until 12/12/95.

2. A winter flood occurred in late November/early December. (Muir, Hockersmith, et al. pers.
comm.).

3. This flood of muddy water apparently flushed many juvenile hatchery fall chinook salmon out of
the Snake River (see data below).

4. Hatchery fall chinook salmon adult return percentages for "early" migrating fish were much lower
than for "late" migrating fish (see data below).

5. Factors and conditions affecting juvenile riverine and ocean-entry survival should not be assumed
equal for hatchery fall chinook salmon migrating before October versus in November/December.

6. The environmental conditions and migration timing anomalies observed in 1995 were not observed
in 1996 and 1997.

Data

The percentage of juveniles detected at dams before 10/1 vs. 10/2 to 11/1 was 7.6 (264/3748), 8.8
(203/2301), and 4.4 (86/1952) for Lower Granite, Little Goose, and Lower Monumental Dams,
respectively. The adult return percentages for these same date groups were 0.60 vs. 1.14%, 0.52 vs. 3.94%,
and 0.48 vs. 0.00%, respectively.

For McNary Dam, the juvenile percentages for fish detected <10/1, 10/2 to 11/21, and 11/22 to 12/12 was
69.9(1170/1673), 3.6(61/1673), and 26.4%(442/1673), respectively. The adult return percentages for the
first and last date groups were 0.26 and 2.72%, respectively. Therefore, the estimated "early/late" SAR-to-
McNary ratio was .10 (i.e. 90% of the adult returns came from late-migrating fish). Not detected fish
constituted 42%(34/81) of the adult returns. Obviously, no direct information regarding their juvenile
migration timing is available. However, if the migration timing distribution was similar to fish detected at
McNary, it could be estimated that 1/4 to 1/3 of the not detected juveniles surviving to McNary Dam,
migrated out after the upper 3 dams stopped PIT-tag detection resulting in 3(34*0.10) and 31(34*0.90)
adult returns.

Hatchery juvenile fall chinook salmon transported and bypassed at McNary Dam by 11/1/95 had SARs to
Lower Granite Dam of 0.24(1/412) and 0.25%(2/794), respectively. Fish transported and bypassed after
11/1/95 had similar type SARs of 2.04(2/98) and 2.62(10/381), respectively. These produced
transport/inriver ratios of 0.96 for "early" groups and 0.79 for "late" groups.

Conclusions

1. The entire 1995 hatchery fall chinook data set should be divided into two groups based on those
migrating at the "usual" time and those migrating much later based on a response to an unusual
flood event.

2. It would be extremely difficult to accomplish 1) as the number of not-detected PIT-tagged fish alive
late in the year (residual fish) available to respond to the flood event is unknown and very difficult
to estimate. Additionally, without PIT-tag detection after 11/1 at any site other than McNary Dam,
the "late" dataset cannot be subjected to the "SAR process" to determine, in particular, the proper
juvenile number of not-detected fish alive at McNary Dam to compare SARs with McNary
bypassed and transported fish.
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3. Even if 1) could be accomplished, the number of returning adults in the not-detected category of the
"early" data set is very low (in the neighborhood of 3) and the error around the SAR for this
estimate (estimable and unestimable) would be quite large. Therefore, little could be concluded
from this data set (using data to date).

4. Survival of transportation from McNary Dam in winter 1995 was not superior to inriver migration.

A.2 D Values Estimated from McNary Dam Transport

A.2.1 Analyses of McNary Transportation Data

Result: Subyearling D from McNary dam estimated from transportation experiments between 1978 and
1983 and estimates of in river survival give D of 1.7.

A major uncertainty in the fall chinook analysis is identifying the range of D. Three methods appear
possible: 1) estimate D from within the life cycle model; 2) estimate D from the SAR of PIT tagged fish
from Snake River dams; and 3) estimate D from McNary Dam transportation studies and use it as a
surrogate for the Snake River D. All of these methods have problems. The D developed from Method (1) is
contingent on the form of the extra mortality function in the life cycle model and is sensitive to the spawner
recruit data. Method (1) essentially attributes extra mortality to transportation. Although this is one
hypothesis it does not eliminate the possibility that the extra mortality could have other causes with trends
over the data series similar to the percent of fish transported. Method (2) provides an independent estimate
of D but it is currently limited because the amount of PIT tag data is sparse, resulting in large uncertainties
in the estimate of D. Method (3) provides an independent estimate of D, but it is unclear if the McNary fish
are representative of the Snake River fish. Problems using the MCN subyearling chinook include; they are
smaller than the Snake River subyearlings (about 100 mm vs. 120 mm); they migrate out earlier (about July
vs. August); and they have a wider ocean distribution than the fall chinook (references provided by work of
Giorgi and Norris and others).

Theory

A D value for fall chinook transported at McNary Dam is defined as

D = λT/λn [Eqn. A.2-1]

where λT and λn are the post Bonneville survivals of transported and non-transported fish through the
hydrosystem. D is estimated from the transport to control ratio, θ, by the formula

D = θ Vmcn [Eqn. A.2-2]

where the hydrosystem survival of subyearling chinook from McNary tailrace to Bonneville tailrace is
designated Vmcn.

The survival over the reach between McNary tailrace to Bonneville Tailrace can be estimated by three
methods. The CRiSP and FLUSH models can be used to estimate survival for the years in which θ is
available from transportation experiments. In addition, PIT tag derived survival of Hanford fish through the
John Day reservoir can be extrapolated to Bonneville dam using a survival per mile estimation technique.
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PIT Tag Estimation of Survival

In river survival can be estimated using the 1998 pit tag studies over John Day reach as prepared by Smith
and Muir (see PATH web page). Survival per mile is determined as

R = (PIT tag reach survival / dam passage survival) ^(1/76.4 miles) [Eqn. A.2-3]

The survival over the river from MCN tailrace to BON tailrace is

Vmcn = (dam passage survival)3 R 145.6 [Eqn. A.2-4]

where the high and low estimates of reach survival from Smith and Muir are 0.69 and 0.41 and the dam
passage survival is taken as 0.9. The number of miles between MCN and J. Day dams is 76.4 and the
number of miles between MCN to BON Dam is 145.9.

CRiSP Estimation of Survival

A preliminary estimate of survival from McNary Dam tailrace to Bonneville Dam tailrace was made using
the CRiSP passage model. Travel time parameters were used as estimated smolt releases at Rock Island
Dam (see http://www.cqs.washington.edu/crisp/tt/RIS/fchinook/ris.html). The migration rates were based on
Rock Island run of the river fish because these are fish that had been analyzed in the past and the results
were available for this "preliminary" analysis. PATH has not looked at the 97-98 Hanford reach PIT tag
data in detail, but previous to that, few if any fish were detected at both McNary and a downstream site.
Thus it was not possible to analyze Hanford fish travel times through the Lower Columbia. We are
currently looking at the recent data to see what kind of sample sizes we have for 97 and 98. If they are large
enough, we will include this information in the next round of analysis.

The release was set to represent a July release and the hydrosystem parameters including, hydrosystem
operations, river temperature and flow were set to the respective years of the experiments. Release timing at
McNary was not based on Rock Island run of the river fish but on Hanford Reach PIT tag fish. The
estimates of survival rates were based on the standard dam parameters and the reach predation parameters
generated for Snake River fall chinook.

T:C Data

The Transport to Control (θ) data were taken from the transportation reports. Fish were tagged at McNary
Dam and either released in the tailrace of the dam or transported by truck to below Bonneville Dam. In
1983, a second group was transported by barge. Adult collections in Table A.2-1 are reported for three
collection groupings. The Snake River trap, McNary Dam trap, and the total fish collected in the two traps,
plus hatcheries and in the fisheries, but excluding any recoveries that could potentially be double counted.
The total Snake trap collection over the years of experiments was about 4% of the returns to MCN Dam.
This likely reflects straying of Hanford fish into the Snake River. By comparison, the total subyearling
population migrating from the Snake River is typically less than one percent of the total subyearlings
migrating from the mid-Columbia. Table A.2-2 provides information on θ and D for spring chinook tagged
at McNary Dam.

Results

The D value range for the McNary subyearling chinook from methods all is 0.45 to 6.6. The largest
numbers includes all recaptured fish but the largest transport to control ratios were observed from fish
captured in the McNary trap. The salient result is that θ and D are both large for the Hanford fish and there
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is clear evidence that for the marked fish, D is considerable higher than D estimated for the Snake River
fish using the spawner recruit data in the life cycle model. The geometric mean of the nine estimates of D
presented at the bottom of Table A.2-1 is D = 1.7.

Table A.2-1: Transport to control ratios, θ, from fall chinook transport experiments from McNary Dam, estimates
of in-river survival from three approaches and the estimation of D.

Year (ref)
Mode of
passage Rls # Snk Rtn  MCN Rtn

Total
Rtn

θθθθ
Snk

θθθθ
MCN

θθθθ
Total

1978 (1) MCN tailrace 38137 1 11 77
MCN truck 40361 5 95 425 4.72 8.16 5.21

Vmcn = 0.345 D 1.6 2.9 1.8
1979 (1) MCN tailrace 112718 0 2 91

MCN truck 132919 0 43 680 NA 18.2 6.33
Vmcn = 0.269 D NA 3.2 1.7

1980 (1) MCN tailrace 84587 1 1 154
MCN truck 80213 3 69 579 3.1 72 3.9

Vmcn = 0.372 D 1.1 26.8 1.1
1981 (3) MCN tailrace 42580 1 5 145

MCN truck 42924 2 78 625 2.0 15 4.3
Vmcn = 0.460 D .9 6.9 2.0

1982 (3) MCN tailrace 77366 2 4 218
MCN truck 79386 4 80 522 1.9 19.5 2.3

Vmcn = 0.490 D 1.0 8.0 1.1
1983 (3) MCN tailrace 80602 1 10 146

MCN barge 77728 3 60 408 3.1 6.2 2.9
Vmcn = 0.474 D 3.8 2.8 1.4

MCN truck 70558 0 92 408 0 9.0 3.0
Vmcn = 0.474 D NA 4.3 1.5

1) Matthews et al 1992
3) Achord et al 1992

geometric mean θ 2.80 15.05 3.78

 High PIT based D with Vmcn = 0.44 1.2 6.6 1.7
Low PIT based D with Vmcn = 0.16 0.45 2.4 0.60
CRiSP based D 1.4 5.5 1.5

Spring chinook values of D from McNary experiments (Table A.2-2) are not significantly different from
values of D estimated from releases at Snake River dams. Therefore the correction of the fall chinook D by
the ratio of spring chinook ratio at McNary and the Snake River was not deemed to be of significance.

In this paper D is estimated from the transport to control ratio information from McNary Dam and estimates
of in-river survival of the control fish (Method 2 in Table 5.3-2). The fall chinook D calculated with this
method is above one indicating that below Bonneville Dam the transported fish survive equal to, or better
than, the in-river control fish. Estimates of D from the life-cycle model yield a D near zero. This wide
discrepancy in the two estimates is a significant source of uncertainty in the fall chinook analysis and begs
the question, what are the mechanisms that determine the post Bonneville survival of transport and control
fish? It also casts uncertainty on the formulation of the trend in extra mortality in the life cycle model.
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Table A.2-2: Estimation of spring chinook D from McNary Dam T/C experiment. θ was calculated for all fish
captured in at LGR trap, and from fisheries and hatchery returns in excess of LGR trap counts. Vc is
to survival from McNary tailrace to Bonneville tailrace as estimated from CRiSP.

Captured at Snake Trap Captured Outside Traps
Year � Vc De � Vc De

1978 2.75 53.1 0.49 1.55 53.1 0.82
1979 0.77 48.2 1.26 1.07 48.2 0.52
1986 0.34 61.5 0.80 0.64 61.5 0.39
1987 1.29 52.7 0.68 2.07 52.7 1.09
1988 1.87 50.9 0.43 2.03 50.9 1.03

geometric means 0.59 0.72

The question arises, how should a high D value be incorporated into the overall analysis? Two approaches
are considered here. The first is to assume that D is fixed at 1, or higher, in the retrospective analysis (this
approach was implemented as hypothesis D3; see section 5.3.2). This follows the precedent set for the
spring chinook analysis where lower river stocks were used as surrogates to define the response of the
Snake River fish without transportation or passage through the Snake River dams. If this approach is taken
the AIC/BIC scores from the existing life cycle model will be high, suggesting that, under the hypothesis of
a high D, the trend in extra mortality expressed by a step function and a climate cycle do not capture the
underlying trend. In this case different extra mortality trends and mechanisms need to be explored in the
retrospective analysis. The resulting extra mortality, along with a high D, would be used in the prospective
analysis.

A second possibility is to assume that transportation from McNary Dam and the Snake River dams are
significantly different and the D generated by the life cycle model reflects the efficiency of transportation. If
this is the case then the A6 alternative, which removes transportation, should be formally considered in the
model system (a no transport scenario was evaluated in section 6.3.1). In the A2 alternative a D of 1 should
also be considered which assumes that the Snake River transportation system is fixed to have the efficiency
of the McNary transportation system (this is also implemented as a sensitivity analysis in section 6.3.1)

A.2.2 Arguments Against Using MCN Transport Data to Estimate Snake River D Values

Several arguments have been raised against the application of McNary transportation data to Snake River
fall chinook:

1. Vc estimates (survival of control, non-transported fish) for Hanford fish are NOT direct and have not
been reviewed by most of PATH hydro and life-cycle workgroup members. Therefore, we can not
characterize McNary D values as direct estimates of D. The analysis used a version of a CRiSP Hanford
passage model (which has not yet been reviewed by the entire PATH group) to estimate Vc. This
involves using subyearling passage survival from one year (1998) in one pool to calibrate the CRiSP
model. Then, survival estimates (Vc) for past years (1978,79,86,87,and 88; one to two decades before a
direct survival estimate) were made for a portion of the migration corridor based on Rock Island Dam
smolt releases. Hanford Reach fish are not released from Rock Island Dam in July, they actually emerge
and then outmigrate from one of the last remaining free flowing portions of the Columbia River (below
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all upper Columbia dams). These Hanford reach fish predominate the smolts that are transported at
McNary, not Rock Island releases.

2. Spawning, rearing, and early migration areas for Hanford fish are very different from those of Snake
River fish. Hanford reach fish spawn, rear, and migrate from a free flowing section of the Columbia
River in relatively cooler water temperatures and higher flows. The Hanford Reach fish arrive in large
numbers and in usually good condition at McNary Dam. Again, with no direct estimate of Vc for these
fish for the years we have T/C estimates, it is hard to speculate what Hanford Reach D values would be.

A.2.3 Estimation of Hanford D Values From Spawner-Recruit Data

Purpose

The analysis described in Section A.2.1 concluded that D values for the Hanford stock were in the
neighborhood of 1 to 2, which is considerably higher than the MLE values of 0 to 0.5 estimated from the
spawner-recruit data (Section 4.5). This discrepancy could be due to differences in estimation methods, or it
could be due to differences in the effects of transportation between the two stocks. To gain some insights
into the cause of the discrepancy, we compared D values for the Hanford stock estimated from the spawner-
recruit data (in a manner similar to that described for Snake River fish in Section 4.5) to D values estimated
from the McNary transport data.

Method

The method for estimating D values from the Hanford stock spawner-recruit data follows the method
described in Section 4.5 for Snake River fall chinook. Hanford spawner-recruit data is described in Section
4.4.1. Passage inputs were preliminary estimates from the CRiSP passage model, using a rough estimate of
passage timing at McNary and outdated travel time parameters (Table A-8).

Results

The Maximum Likelihood Estimate of Hanford D based on the spawner-recruit data was 1.137 when
Deschutes residuals are used for year-effect and 1.012 when Deschutes residuals were not used. The 95%
confidence limits were wide. For a model using the Deschutes residuals, the lower limit was at D=0.37
(D=.13) and the upper limit was at D=3.32. For a model without the Deschutes residuals, the lower limit
was at D=0.13 and the upper limit was at D=3.00.

These results are close to the estimates from the McNary TCR data, which suggests that the Hanford fish
are more resilient to transport from McNary, than are the Snake fish to transport from LGR (D=0.04). If that
is true, then it is inappropriate to apply D values computed for Hanford fish transported from McNary, to
Snake River fish transported from Lower Granite Dam.



PATH Decision Analysis Report for Snake River Fall Chinook

229 ESSA Technologies Ltd.

Table A.2-3: Preliminary passage parameters for Hanford stock.

Year Direct survival
% Transported

at MCN Pbt Travel Time Vn
65 0.683 0.000 0.000 9.3 0.683
66 0.703 0.000 0.000 10.5 0.703
67 0.757 0.000 0.000 8.6 0.757
68 0.441 0.000 0.000 19.7 0.441
69 0.314 0.000 0.000 18.5 0.314
70 0.237 0.000 0.000 20.4 0.237
71 0.431 0.000 0.000 16.8 0.431
72 0.517 0.000 0.000 16.9 0.517
73 0.191 0.000 0.000 23.5 0.191
74 0.474 0.000 0.000 16.6 0.474
75 0.311 0.000 0.000 20.2 0.311
76 0.461 0.000 0.000 20.9 0.461
77 0.151 0.000 0.000 24.1 0.151
78 0.260 0.000 0.000 21.7 0.260
79 0.169 0.020 0.116 21.6 0.153
80 0.289 0.032 0.109 26.0 0.266
81 0.484 0.179 0.364 19.9 0.375
82 0.513 0.128 0.245 17.7 0.445
83 0.504 0.240 0.466 20.7 0.354
84 0.419 0.179 0.419 19.3 0.296
85 0.300 0.240 0.783 22.8 0.086
86 0.402 0.240 0.586 21.8 0.219
87 0.334 0.240 0.705 23.0 0.129
88 0.336 0.240 0.701 21.7 0.132
89 0.345 0.240 0.682 22.4 0.144
90 0.364 0.232 0.625 18.5 0.178
91 0.424 0.212 0.490 19.2 0.275
92 0.295 0.240 0.796 20.5 0.079
93 0.460 0.269 0.573 22.9 0.269
94 0.533 0.256 0.470 27.9 0.380
95 0.337 0.219 0.638 19.4 0.156
96 0.492 0.173 0.344 18.6 0.390
97 0.623 0.323 0.509 17.6 0.452
98 0.500 0.435 0.852 16.0 0.131

A.3 Analysis of Smolt-Adult Return Rates for Columbia River Fall Chinook

A.3.1 Fall Chinook SAR Estimates

Smolt to adult return ratios can be calculated for several components of the fall chinook run to the
Columbia River. The Lewis River bright fall chinook run enters the mainstem Columbia River below
Bonneville Dam. A long-term coded wire tag (CWT) tagging program for this stock allows for the
estimation of smolt outmigration and adult contributions to fisheries upon return. Dam counts at McNary
Dam of outmigrating smolts and returning adults can be used to construct a general SAR estimate for the
fall chinook run dominated by production from the Hanford Reach. In addition to estimates for these natural
runs, cwt tagging programs allow for estimates of SAR for several hatchery stocks including Lyons Ferry
(subyearlings) and the Priest Rapids runs.
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We converted the migration year estimated SAR series for each stock to Bonneville SARs using estimates
of juvenile and adult passage survival derived from the Snake River fall chinook analyses. A proportion of
the migration from Lyons Ferry Hatchery would have been transported at Lower Monumental and McNary
Dams, as would a portion of the migration arriving at McNary from the Hanford Reach. No adjustments to
those SARs were made to account for transportation. Any adjustment would drive the estimated SARs
down by increasing the estimated number of smolts surviving to below Bonneville. The Bonneville to
Bonneville SARs extrapolated from the Snake River fall chinook results with D = .2 are much higher than
any of the SAR estimates for other fall chinook stocks with similar life history/timing patterns.

Lewis River Natural Run
A component of the Lewis River natural bright fall chinook run has been cwt tagged since 1977. The results
can be used to derive an estimate of SAR by year ((Cindy LeFleur, WDFW, personal communication).
Estimates of smolt production have been derived by applying mark recapture estimation techniques to
proportions recovered in the terminal area. Annual run reconstructions of fall bright returns to areas below
Bonneville were used as the basis for adult return estimates. Those returns are predominated by the Lewis
River run. Adult return estimates were multiplied by .85 to account for non-Lewis River contributions (e.g.
Sandy River production). Smolt production ranged from 1.5 to 4.7 million subyearlings per year. Brood
year returns ranged from 13,000 to 67,300. The corresponding SAR estimates ranged from .06% to 1.8%,
averaging 1.23% (Figure A.3.1-1).

Upper River Bright Run
Subyearling outmigrants originating from the Hanford Reach/Yakima fall chinook populations dominates
the outmigration over McNary Dam. An estimate of SAR for this composite population can be derived by
dividing the estimated brood cycle returns of upriver brights by an expansion of the smolt index counts at
McNary Dam (FGE’s from the FY98 Path Report). For each outmigration year, the McNary smolt count
was converted to an estimate at Bonneville Dam by multiplying by an estimate of the average downstream
mortality from McNary Dam down through the remaining hydropower projects. The number of smolts
estimated over McNary ranged from 9.6 million to 25.5 million from 1981 through 1992. Adult returns off
of those outmigrations ranged from 59,900 to 460,000. SAR (Bonn/Bonn) estimates ranged from 0.37% to
3.29%, averaging 1.83% (Figure A.3.1-1).

A second set of URB estimates are based on Norman (1992)24. That thesis includes a fairly detailed
reconstruction of the natural smolt outmigration from the Hanford Reach area coupled with estimates of
natural returns.

Lyons Ferry Hatchery Subyearling Releases
Bugert et al. (1997)25 contains a summary of smolt to overall adult survival (estimated as in-river returns
plus expanded recoveries outside of the Snake River) for release years 1985 through 1990. The paper
reports on the results of an experimental transportation program in which paired releases were either barged
to below Ice Harbor Dam or released on-station. Given the conclusion of no significant difference between
transported and untransported groups, we used averages within release years to calculate SARs. Lyons
Ferry Hatchery is located between Lower Monumental and Little Goose dams. Releases from LFH would
not be subject to mortalities or collection/transportation from the Lower Granite or Little Goose projects. A
portion of the releases from LFH would be picked up and transported from Lower Monumental and
McNary. For the purposes of this analysis, we applied some simple assumptions to convert the reported
survival rates into Bonneville to Bonneville SARs. Per project juvenile survivals for the LFH releases to

                                                     
24 Norman, W. T. (1992) Factors Controlling variation of naturally spawning fall chinook salmon in the upper Columbia River.

Univ. Of Washington MS Thesis. 239 pp.
25

Bugert, .R.M., G.W. Mendel & P.R. Seidel. (1997) Adult returns of subyearling and yearling fall chinook salmon released from a
Snake River hatchery or transported downstream. North American Journal of Fisheries Management. 17:638-651.
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below Bonneville were assumed to be the equivalent of the average per project Snake River survivals (20%
to the 1/8 power). The 6 project juvenile survival estimate applied to the LFH releases was 29%. We also
adjusted to return to the river mouth by assuming an average ocean harvest rate of 45%. The resulting SAR
estimates ranged from .015% to .26% averaging .11% (Figure A.3.1-1).

Figure A.3.1-1. SAR estimates for 4 Columbia River fall chinook stocks.

A.3.2 Comparison of Recent Fall Chinook Salmon Smolt Passage Index with Adult
Returns

To determine if the low estimates of "D" calculated using various indirect methods for fall chinook salmon
are realistic, we compared the number of natural subyearling fall chinook salmon smolts arriving at Lower
Granite Dam with Adult returns several years later (Table A.3.2-1).

The Lower Granite Dam Passage Index for natural subyearling chinook salmon was obtained from the Fish
Passage Center (data provided by H. Franzoni, FPC). For years when subyearling chinook salmon were not
counted separately, all chinook salmon arriving after 21 June each year were counted as fall chinook salmon
subyearlings which included some spring/summer chinook salmon. The proportion of subyearlings arriving
at Lower Granite Dam each summer that are spring/summer chinook salmon has varied from less than 1%
to about 50% with a higher percentage in years following greater spring chinook salmon adult escapement
(B. Conner, USFWS, Personal Comm.). The Passage Index is the number of fish arriving at Lower Granite
Dam adjusted for level of spill, although spill rarely occurs during the summer months when fall chinook
salmon smolts migrate. The Lower Granite Dam Passage Index (LGR PI) was then adjusted to account for
fish passing through the turbines using FGE's from Marmorek et al. (1998, Table3.1.1-7). For 1985 through
1990, an FGE of 0.27 was used, 0.49 for 1991 through 1994, 0.5 for 1995, and 0.53 for 1996 and 1997. The
number of smolts arriving at Lower Granite Dam each year (LGR Expanded) was calculated by dividing
LGR PI by FGE.
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The number of natural adult SRB fall chinook salmon passing Lower Granite Dam each year was taken
from Table 4.4-7. A Lower Granite Dam SAR was then calculated for each smolt migration by dividing the
number of returning adults at Lower Granite Dam 3 years later by the number of smolts arriving at Lower
Granite Dam each year (3 years was arbitrarily chosen to simplify calculations, although adults from each
brood year returned over several years). Smolts per adult was also calculated by dividing the number of
smolts arriving at Lower Granite Dam each year by the number of adults past Lower Granite Dam the
previous year (number of adults included hatchery and wild fish from Table 4.4-7). From 1992 through
1997, a percent detection rate at Lower Granite Dam of PIT-tagged subyearling chinook salmon is also
shown (From Conner et al. 1998).

The number of smolts surviving to somewhere below Bonneville Dam (we don't know where the delayed
mortality happens) was estimated by using a D-value of 0.20 for transported smolts and an in-river survival
estimate from Lower Granite Dam to the tailrace of Bonneville Dam of 0.20 for nontransported smolts
migrating inriver from the passage models. A second SAR for Lower Granite Dam was then calculated
using the number of smolts surviving to below Bonneville with 80% mortality for both transport (delayed)
and inriver migrants.

Clearly, the below Bonneville Dam SAR's are unrealistically high in the most recent years examined (over
10% from smolts migrating in 1994), higher than SAR's observed elsewhere in the basin (Figure A.3.1-1).
To calculate a true Bonneville Dam to Bonneville Dam SAR, the number of returning adults at Lower
Granite Dam would be adjusted upwards to account for interdam loss and harvest. If interdam loss and
harvest were 50%, than the Bonneville Dam to Bonneville Dam, SAR would be double the below
Bonneville SAR shown above.

SARs provide another historical data source for evaluating past trends in fall chinook populations. It may be
possible to directly incorporate SARs into the life-cycle model, then jointly estimate historical parameter
estimates based on both the SAR data and the spawner-recruit data. PATH is currently considering how this
might be accomplished, but we have not yet done the analysis.

Literature Cited

Conner, W.P., H.L. Burge, and D.H. Bennett. 1998. Detection of PIT-tagged subyearling chinook salmon
at a Snake River dam: Implications for summer flow augmentation. North American Journal of Fisheries
Management 18:530-536.
Marmorek et al. 1998. PATH final report for fiscal year 1998.
Marmorek et al. 1999. PATH decision analysis report for Snake River fall chinook (draft).
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Table A.3.2-1: Smolt-to-adult returns percent (SAR) of Snake River fall chinook salmon based on the numbers of
natural smolts arriving at Lower Granite Dam (Lower Granite Dam Passage Index expanded by
estimate of FGE) and adults 3 years later. A SAR percent for Lower Granite Dam for fish surviving
to below Bonneville Dam (using a D-value 0.2 and inriver survival of 0.2) is also shown.

Year LGR PI LGR
expanded1

LGR
adults

LGR
SAR2

Smolts /
adult3

Detection
rate at LGR4

Below
Bonneville5

Below
SAR6

End
transport7

1985 33,892 125,526 885 0.39 175 25,105 1.97 21 Jul
1986 44,285 164,018 1,067 0.25 152 32,804 1.27 22 Jul
1987 20,794 77,015 462 0.08 55 15,403 0.41 29 Jul
1988 44,165 163,574 495 0.31 154 32,715 1.56 29 Jul
1989 35,914 133,015 418 0.42 189 26,603 2.10 25 Jul
1990 39,343 145,715 63 0.48 179 29,143 2.38 24 Jul
1991 9,378 19,139 509 1.58 70 3,828 7.91 29 Oct
1992 4,070 8,306 559 1.55 11 5.1 1,661 7.77 29 Oct
1993 16,155 32,969 695 1.91 49 19.1 6,594 9.54 30 Oct
1994 6,784 13,845 303 2.17 16 8.4 2,769 10.83 30 Oct
1995 25,576 51,152 129 114 30.4 10,230 30 Oct
1996 16,590 31,302 629 138 24.1 6,260 29 Oct
1997 16,557 31,240 300 32 14.4 6,248 2 Nov
1998 72,641 137,058 136 25.6 27,412
1 Lower Granite Dam Passage Index expanded by estimate of FGE from Table 3.1.1-7.
2 Lower Granite Dam Smolt to Adult return for each smolt migration year (based on adults 3 years later.)
3 Smolts (expanded LGR Passage Index) divided by the number of natural and hatchery adults passing LGR the previous year (from
Table 4.4-7).
4 The number of PIT-tagged natural subyearlings detected at Lower Granite Dam divided by the number released.
5 Number of smolts surviving below Bonneville Dam after adjusting for delayed mortality from transport (D-value of 0.2) or inriver
passage (Vn of 0.2).
6 SAR at Lower Granite Dam for based on “Below Bonneville” number of smolts.
7Date transport of smolts from Lower Granite Dam ended each year.

A.3.3 Additional analyses of Snake River fall chinook SARs

These Snake River fall chinook Smolt to adult return rates are estimated by applying the age structure from
the run reconstruction to the natural origin adults returning to Lower Granite dam (Table A.3.3-1). This is
different than previous estimates presented by NMFS (section A.3.1), which assume all falls return as 4
year olds.

The SARs calculated from age 3,4 & 5 year old returns start to increase in outmigration year 1991with the
highest values observed in 1992 (Figure A.3.3-1). This pattern is even more evident for SARs calculated to
the Columbia River mouth (adults are expanded for mainstem exploitation and adult passage conversion
rates). A similar pattern is exhibited for the SARs calculated with 3 & 4-year-old returns.

The FGEs used to compute smolt numbers at Lower Granite dam influence the SAR patterns. The 1984 –
90 FGEs are based on an assumption that subyearling migrants received the same proportional increase in
FGEs that were estimated for yearlings based on raised orifice gates (ROG).

Under the sensitivity analysis of no change in FGE's, the SAR's to the Columbia River mouth were higher
in 1989 and 1992 relative to the other years (Table A.3.3-2, Figure A.3.3-2).
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Given the uncertainty in the SAR estimates and the timing in SAR patterns it does not appear that there was
a marked increase in 1993, which would correspond to the offshore releases of transported fish (Figures
A.3.3-1 and A.3.3-2).

It appears the smolt estimates for 1992 and 1994 outmigration year at Lower Granite Dam are low based on
smolt/spawner rates (Table A.3.3-3 and Figure A.3.3-3).

Table A.3.3-1: Snake River fall chinook Smolt to Adult return rates using passage index and FGE assumptions from
Krasnow 1997. Columbia River mouth estimates are expanded for mainstem exploitation rates and
adult conversion rates (from Snake River fall chinook run reconstruction).

Table A.3.3-2: Snake River fall chinook Smolt to Adult return rates using passage index and with sensitivity
assuming the same FGE for 1985-90. Columbia River mouth estimates are expanded for mainstem
exploitation rates and adult conversion rates (from Snake River fall chinook run reconstruction).

Outmigration 
year SAR Age 3&4

SAR Age 3,4 
& 5

SAR Age 
3&4

SAR Age 3,4 
& 5

1985 0.48% 0.52% 1.62% 1.72%
1986 0.23% 0.28% 0.67% 0.81%
1987
1988 0.21% 0.24% 0.47% 0.53%
1989 0.42% 0.63% 0.92% 1.59%
1990 0.37% 0.39% 1.07% 1.14%
1991 0.77% 0.81% 2.40% 2.47%
1992 1.53% 1.74% 4.07% 4.48%
1993 1.42% 1.57% 2.67% 3.19%
1994 2.51% 6.49%

LGR to LGR Col. R mouth

Outmigration 
year SAR Age 3&4

SAR Age 3,4 
& 5

SAR Age 
3&4

SAR Age 3,4 
& 5

1985 0.88% 0.95% 2.93% 3.13%
1986 0.42% 0.51% 1.22% 1.48%
1987
1988 0.38% 0.43% 0.85% 0.97%
1989 0.76% 1.14% 1.68% 2.88%
1990 0.67% 0.71% 1.95% 2.07%
1991 0.77% 0.81% 2.40% 2.47%
1992 1.53% 1.74% 4.07% 4.48%
1993 1.42% 1.57% 2.67% 3.19%
1994 2.51% 6.49%

LGR to LGR Col. R mouth
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Table A.3.3-3: Snake River fall chinook Smolt/Spawner rates using passage index and FGE assumptions from
Krasnow 1997 (smolts and adults estimates at LGR).

Figure A.3.3-1: Snake River fall chinook SARs from Lower Granite Dam (ages 3, 4, and 5).

Outmigration 
year

Spawning 
adults

Smolts per 
adult 

spawner
1985 552 295
1986 885 231
1987 1067
1988 462 287
1989 495 247
1990 418 349
1991 63 449
1992 509 24
1993 559 59
1994 695 20
1995 303 176
1996 129 271
1997 629 57
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Figure A.3.3-2: Snake River fall chinook SARs from Lower Granite Dam (ages 3, 4 and 5) alternative FGE
assumptions for ROG prior to 1991.

Figure A.3.3-3: Snake River fall chinook spawner to smolt ratios vs. SARs (at LGR)
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Appendix B - Snake River Fall Chinook Run Reconstruction
Sensitivity to adjusting 1964-1986 Ice Harbor Dam counts

The Snake River fall chinook run reconstruction used Ice Harbor dam counts for the years 1964-68. There
is concern that the Ice Harbor fall chinook counts may include a proportion of fish that stray into the Snake
River and do not spawn above Lower Granite dam. Cooney and Schaller estimated that the stray proportion
of fall chinook (which does not spawn above Lower Granite dam) might be between 10 and 30 percent. The
Snake fall chinook run reconstructions were performed assuming a 10, 20, and 30% correction to Ice
Harbor counts in 1964-1968 (Table B-1). A sensitivity was performed by comparing parameter estimates
for alternative Ricker life-cycle models for the standard run reconstruction to estimates using a
reconstruction, which reduces the Ice Harbor chinook counts in 1964-68 by 30 percent. The 30% value was
chosen to see if the parameter estimates were sensitive to the largest change in dam counts.

The best fit Ricker models using CRiSP and FLUSH input were evaluated for the sensitivity to the change
in run reconstruction. In addition, the best fit models using proportion transported from Lower Granite dam
and water travel time (WTT) were also evaluated for the sensitivity to the change in run reconstruction. For
the best fit Ricker model with CRiSP input: a value changed from 3.83 to 3.86, E changed from 0.76 to
0.75; D changed from 0.029 to 0.027; and the BIC score went from 53.6 to 54.5 (Table B-2). For the best fit
Ricker model with FLUSH input: a value changed from 4.41 to 4.45, E changed from 0.86 to 0.83; D
changed from 0.029 to 0.028; and the BIC score went from 60.8 to 61.5 (Table B-2). For the best fit Ricker
model using proportion transported from Lower Granite dam and WTT as input: a value changed from 2.66
to 2.7, E did not change; and the BIC score went from 54.3 to 54.5 (Table B-2).

The alternative Ricker life-cycle models parameter estimates using a reconstruction with reduced Ice
Harbor chinook counts (in 1964-68) appear to change very little from the parameter estimates using the
standard run reconstruction. In particular, the D value estimates appear to be insensitive to the change.
Therefore, one could assume these changes would not have much of an effect on the life-cycle model.



PATH Decision Analysis Report for Snake River Fall Chinook

238 ESSA Technologies Ltd.

Table B-1: A sensitivity to Snake River fall chinook spawner and recruit estimates after reducing Ice Harbor fall
chinook counts, for 1964-1968, by 10, 20, and 30%.

Assume 10% of Ice Harbor count
not destined to spawn

Assume 20% of Ice Harbor count not
destined to spawn

Assume 30% of Ice Harbor count not
destined to spawn

Year
Natural

Spawners
Hatchery
Spawners Recruits

Natural
Spawners

Hatchery
Spawners Recruits

Natural
Spawners

Hatchery
Spawners Recruits

1964 6852 0 31739 6057 0 28238 5261 0 24737
1965 5679 0 57530 5019 0 52589 4359 0 47648
1966 7713 0 33403 6803 0 32477 5894 0 31551
1967 9324 0 71436 8234 0 71436 7143 0 71436
1968 15719 0 48681 13881 0 48681 12044 0 48681
1969 4649 0 35129 4649 0 35129 4649 0 35129
1970 4353 0 43363 4353 0 43363 4353 0 43363
1971 4091 0 22699 4091 0 22699 4091 0 22699
1972 1371 0 17390 1371 0 17390 1371 0 17390
1973 2194 0 15716 2194 0 15716 2194 0 15716
1974 668 0 12910 668 0 12910 668 0 12910
1975 1387 0 10619 1387 0 10619 1387 0 10619
1976 691 0 7019 691 0 7019 691 0 7019
1977 1011 0 9259 1011 0 9259 1011 0 9259
1978 841 0 4946 841 0 4946 841 0 4946
1979 802 0 11657 802 0 11657 802 0 11657
1980 515 0 7817 515 0 7817 515 0 7817
1981 878 0 4746 878 0 4746 878 0 4746
1982 1209 0 7500 1209 0 7500 1209 0 7500
1983 842 67 8723 842 67 8723 842 67 8723
1984 552 165 9721 552 165 9721 552 165 9721
1985 885 194 4821 885 194 4821 885 194 4821
1986 1067 337 4971 1067 337 4971 1067 337 4971
1987 462 602 2171 462 602 2171 462 602 2171
1988 495 207 3748 495 207 3748 495 207 3748
1989 418 397 2031 418 397 2031 418 397 2031
1990 63 210 975 63 210 975 63 210 975
1991 509 258 725 509 258 725 509 258 725
1992 559 115 559 115 559 115
1993 695 188 695 188 695 188
1994 303 145 303 145 303 145
1995 129 97 129 97 129 97
1996 629 335 629 335 629 335
1997
1998
1999
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Table B-2: Fall Chinook MLE model runs showing effects of IHR straying assumptions on parameter estimates and model fits.

# Model Run Description
#

parms a E STEP D RSS AIC BIC R^2
ln

likelih.
jnt ln

poster TRANS WTT
Simple Models, Snake+Des joint post

1 Simple Ricker (w/ yr effect) 3 2.2 NA NA NA 5.84 55.42 59.42 0.53 -49.42 -52.73 NA NA
2 Simple Ricker (w/ yr effect) + E est. 4 2.26 0.124 NA NA 4.68 51.21 56.54 0.49 -43.21 -49.22 NA NA
3 Simple Ricker (w/ yr effect) + E est., STEP = 1970 5 2.7 0.137 -0.47 NA 4.67 53.18 59.84 0.49 -43.18 -48.04 NA NA
4 Simple Ricker (w/ yr effect) + E est., STEP = 1976 5 2.58 0.237 -0.579 NA 4.09 49.4 56 0.57 -46.16 -39.41 NA NA

TRANS and WTT scalors , Snake+Des joint post,
5 New CRiSP, TRANS (propT LGR)& WTT {no restraints}), no passm, no D, fit E 6 2.69 0.64 NA NA 3.53 47.29 55.29 0.68 -35.29 -44.96 -2.33 -0.009
6 New FLUSH, TRANS (propT LGR)& WTT {no restraints}), no passm, no D, fit E 6 2.66 0.67 NA NA 3.41 46.31 54.31 0.69 -34.31 -44.61 -2.61 -0.007

Passage Models, Snake+Des joint post distribution, est all
7 New CRiSP, D=est, est E, Step = 1970, LOW FFSURV 6 3.83 0.76 1.06E-10 0.029 3.74 48.94 56.93 0.67 -36.93 -45.16 NA NA
8 New CRiSP, D=est, est E, Step = 1970, HIGH FFSURV 6 3.8 0.77 1.06E-10 0.034 4.07 51.30 59.29 0.64 -39.3 -45.77 NA NA
9 New FLUSH, D=est, est E, Step = 1970, LOW FFSURV 6 4.41 0.86 7.45E-21 0.029 4.85 56.19 64.18 0.59 -44.19 -47.37 NA NA
10 New FLUSH, D=est, est E, Step = 1970, HIGH FFSURV 6 4.38 0.86 1.89E-06 0.035 5.34 58.88 66.88 0.55 -46.88 -48.37 NA NA

11 New CRiSP, D=est, est E, No Step, LOW FFSURV 5 3.83 0.76 NA 0.029 3.74 46.94 53.60 0.67 -36.94 -45.16 NA NA
12 New CRiSP, D=est, est E, No Step, HIGH FFSURV 5 3.8 0.77 NA 0.034 4.07 49.30 55.96 0.64 -39.30 -45.76 NA NA
13 New FLUSH, D=est, est E, No Step, LOW FFSURV 5 4.41 0.86 NA 0.029 4.85 54.19 60.85 0.59 -44.19 -47.37 NA NA
14 New FLUSH, D=est, est E, No Step, HIGH FFSURV 5 4.37 0.86 NA 0.035 5.34 56.88 63.54 0.55 -46.88 -48.37 NA NA

16 same as run 6 and reducing the Ice Harbor counts by 30% in 64-70 6 2.70 0.67 NA NA 3.53 47.33 55.32 0.66 -35.33 -44.59 -2.67 -0.007
17 same as run 7 and reducing the Ice Harbor counts by 30% in 64-68 6 3.86 0.76 0.000193 0.026 3.87 49.87 57.87 0.65 -37.87 -45.20 NA NA
18 same as run 9 and reducing the Ice Harbor counts by 30% in 64-69 6 4.45 0.84 1.01E-20 0.027 4.97 56.89 64.89 0.56 -44.89 -47.45 NA NA

19 same as run 11 and reducing the Ice Harbor counts by 30% in 64-68 5 3.86 0.75 NA 0.027 3.87 47.87 54.54 0.64 -37.87 -45.20 NA NA
20 same as run 13 and reducing the Ice Harbor counts by 30% in 64-69 5 4.45 0.83 NA 0.028 4.97 54.89 61.55 0.56 -44.89 -47.45 NA NA
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Appendix C - Passage Data/Estimates
for Passage Model Calibration, Validation, and Analysis

Editor’s note: The following appendix was extracted from the PATH FY98 Final Report, and is provided
as a background reference for the convenience of the reader. In some cases, the
information presented here has been updated or revised based on analyses conducted since
the FY98 Report was completed. These cases are indicated by editorial notes in bold
italics, along with a reference to the section in the main part of this report that describes
the update/revision.

The evaluation of the effects of the hydrosystem on juvenile wild Snake River fall chinook is in large part
determined from the passage models. These passage models estimate the relative impact of several factors
such as predation and direct dam mortality on juvenile chinook populations during the migration starting
from the head of LGR pool through to the BON tailrace. The PATH Fall Chinook Data Workgroup has
reviewed a number of data sources that could potentially be used to develop the passage models. Some of
these data sources were incorporated into the passage models, while others were not. The purpose of this
section of the report is to document the data sources that were actually used in the passage models. Other
information not presented may be useful in describing alternatives to current model configurations.

Passage Data

The CRiSP and FLUSH modeling groups incorporated much of the most up-to-date pertinent information
regarding passage and migration behavior of juvenile fall chinook in the Snake River. The data and
estimates that were used by the modelers are presented in the “Passage Data” section. The information in
this section is partially a distillation of technical memoranda that were authored by members of the Fall
Chinook Hydro/Passage Modeling Work Group. Those documents are archived on a WEB page maintained
by University of Washington staff.

Physical Data

Both the CRiSP and FLUSH use specific flow rate, reservoir elevation, spill rate, and temperature data in
their passage models. These variables influence several mechanisms within in the models such as fish travel
times, relative usage of dam passage routes, and predation rates.

Flow, Spill, and Reservoir Elevation Data

Both fall chinook passage models require two sets of daily flow, spill, and elevation files, one for the
retrospective simulations and one for the prospective simulations. The retrospective simulation are based on
historic flow, spill, and elevation data and the prospective simulations are based on output from
hydroregulation models that describe how flows and spills would vary from the historic under different flow
management scenarios such as A1 (the 1995 Biological Opinion), A2 (maximize transportation) and A3
(drawdown to natural river).

Historic flow, spill, and elevation data are archived by the Army Corps. Monthly flow data from 1929
through 1989 are available for all projects, or, prior to their construction, estimates of flows at project sites.
These are referred to as “regulated” flows because they were controlled (regulated) through operations at
storage reservoirs (BPA 1993a). These flows and elevations are used within the passage models to generate
water travel times.
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Both regulated and unregulated flows are “monthly” except that April and August are split into two halves
because these are frequently transition months in which changing conditions would render monthly means
less useful for power planing purposes. Thus the data are presented in 14 rather than 12 periods.

Hydroregulation model output used in the prospective simulations is in the same format. These models
manipulate the operations of storage reservoirs in the U.S. and Canada to try and meet flow, spill, and
elevation targets proposed in various management options. The output of interest to modelers is the flow,
spill, and elevations at all eight Columbia and Snake River dams for each of the 14 periods from either 1929
through 1989 or from 1929 through 1978 depending on the hydroregulation model.

Because the passage models operate on a daily basis, daily flow, spill, and elevation data are required.
These data have been compiled in electronic formats and are maintained by various agencies including the
Fish Passage Center. The data are collected daily although some days or even months are missing, mostly in
the winter months. Data for both flow, spill, and elevations at all eight Columbia and Snake River hydro
projects is available from the 1965 through the present. Daily data may be used directly for retrospective
simulations. For prospective simulations the daily flow and spill data provide templates so that the
“monthly” (14 period) data can be modulated to reflect the variability in day to day operations. Modulation
is described for each passage model later in this report.

Temperature Data

Daily, dam specific temperature data are available from 1965 through the present. These data also are in
electronic format and are maintained by various agencies including the Fish Passage Center. Temperature
data can affect predation rates, initial emigration dates, and fish travel times in the passage models.

Initial Emigration Timing

Both passage models operate on a daily time step. In the model, the initial emigration distribution represents
the relative size a daily cohort of fish and the date their migration begins at the head of LGR pool. This
initial relative distribution was constructed from the CPUE by date of seined wild or wild and hatchery fish
used in the PIT-tagging studies conducted by the USFWS between 1991-1997 (Connor et al. 1993, 1994a,
1994b, 1996, 1997, 1998). The development of the initial distributions in both models is defined in the
model descriptions section of this chapter.

Fish Travel Time Estimates of Snake River Fall Chinook

Investigators at NMFS and USFW have collected data describing the fish travel times (FTT) of Snake River
fall chinook. The data are based on PIT-tagged individual fish; information is archived in PTAGIS. Both
wild and hatchery fish have been tagged and released upstream from LGR Dam. There are a variety of ways
these data can be grouped temporally and spatially (reach length) to yield response indices of interest.
Passage modelers describe how they selected, partitioned, and treated these data in section 4.3 of this report.

NMFS used Lyons Ferry Hatchery stock to estimate survival and migration rates for juvenile fall chinook
throughout the hydro-system during the years 1995-1998 (Smith et al. 1997 and Muir et al. 1998). PIT-
tagged fish were released at several sites upstream from LGR Dam. Experimental groups were liberated
from late May through mid-June. Fish Travel Times (FTT) could be estimated between any release site and
LGR by the difference between release date and detection date. Subsequent detections were possible at
other dams, since PIT-tagged fish were diverted from the collection systems and returned to the tailrace to
continue their migration seaward. In 1995 and 1996, McNary was the terminal detection site. In 1997 and
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1998, PIT detectors installed at Bonneville Dam extended the observational window through the entire
system.

Since 1991, the USFWS has been PIT-tagging naturally produced juvenile fall chinook in the Snake River
upstream from LGR Dam. Fish were collected with beach seines tagged and liberated at the same locations
as the hatchery stocks. During the years 1991-1994 the objective was to characterize the early life history of
wild pre-migrant in the reach upstream from LGR Dam. In 1995-1998, the effort also provided a means to
compare the survival and migration rate of these wild fish to the hatchery counterparts used by NMFS
(Connor et al. 1997, Connor et al. 1998) (Table C-1).

Wild fish were also detected at MCN and later at BON projects. Estimation of FTT for wild fish became
increasingly difficult at detector sites further downstream. This occurred as the number of surviving fish
decreased as they traveled downstream and differences between collector efficiencies at the different
projects. For example, of the 123 wild PIT-tagged fish detected at LGR in 1997only 10 were detected at
MCN, and none were detected at BON.

Table C-1: Dam sites where migration rates were estimated by investigators.

Year Wild Hatchery Citations
1991 LGR -- Connor et al. 1993
1992 LGR -- Connor et al. 1994a
1993 LGR -- Connor et al. 1994b
1994 LGR -- Connor et al. 1996
1995 MCN MCN Connor et al. 1997, Smith et al. 1997
1996 MCN MCN Connor et al. 1998, Muir et al. 1998
1997 BON BON Muir and Smith Preliminary 1998 results – WEB page

As many of the wild and hatchery experimental fish have been tagged and released as parr, still in their
rearing phase, it is difficult to interpret the relevance of migration rates based on elapsed time observed
from the release site to arrival at LGR Dam. Thus, the time it takes fish to move to LGR Dam reflects both
rearing and migratory phases and associated behaviors. (Editor’s note: the current version of the passage
models begin at the face of LGR dam. Therefore, the following discussion of modeling approaches through
LGR reservoir do not apply to the current passage models). Expectedly, the observed FTT are highly
variable and can be sensitive to size at release, date of release, and environmental conditions such as water
temperature and river discharge. The information does not permit clear partitioning of migratory behaviors
associated with the rearing and active migrant phases. To date, both modeling groups have modeled the
migration and the migration plus rearing phase using different techniques to distinguish these different
phases. Once a fish passes LGR reservoir they are assumed to be in the migration phase.

Reservoir Survival

Loss of sub-yearling chinook to predators is the primary source of mortality in the reservoirs modeled in the
passage models (CRiSP also included a small amount of nitrogen mortality – see Section 4.3.2 for a
description of how this was modeled in CRiSP). The fish community, and the species of predators in
particular, has changed considerably in the last 100 years. Li et al. (1987) and Poe et al. (1994) discussed
how introductions have greatly changed the predator community in the Snake and Columbia rivers. Prior to
predator introductions (before 1900), northern pikeminnow (formally called northern squawfish), white
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sturgeon, bull trout, cutthroat trout, and sculpins were likely the major predators in the system. After
introductions and hydroelectric development, the list of major predators is northern pikeminnow, walleye,
smallmouth bass, channel catfish, and sculpins (Poe et al. 1991, Vigg et al. 1991, Rieman et al. 1991). The
exotic species, bass, walleye, and channel catfish, have undoubtedly increased over the last 100 years,
primarily since impoundment (Li et al. 1987), while white sturgeon, bull trout, and cutthroat trout are less
abundant.

Predator abundance and consumption rates have been suggested to increase after the installation of dams
(Poe et al 1991, Poe et al. 1994). These changes are thought to have occurred because: slow water habitat
preferred by these predators has increased (Poe et al. 1994); dam induced stress, injury and disorientation
have increased smolt vulnerability (Ledgerwood et al. 1990, 1994); and increases in temperature have
increased the energetic demands of these predators (Poe et al. 1991, Vigg et al. 1991). The most pronounced
influence of dam operations on the effects of predation is observed in the boat-restricted zone (BRZ) of dam
tailraces. Densities and consumption rates of pikeminnows are much higher than that observed elsewhere in
the reservoirs (Vigg et al. 1991, Rieman et al. 1991, Petersen et al. 1990).

Data on predator abundance and consumption rates is extensive for JDA Reservoir between 1982-1986 (see
Poe and Reiman 1988). A monitoring program has estimated the abundance and consumption for
pikeminnow, walleye, smallmouth bass, and catfish relative to JDA estimates since 1991 (Zimmerman and
Parker 1995, Ward 1997). The data available for parameterizing predator abundance and predator
consumption rates in the passage model is limited to a portion of the time series analyzed. Therefore, the
passage models had to assume that predator dynamics have not changed over the time-series analyzed.

Predator Abundance

Within John Day reservoir Beamesderfer and Rieman (1991) estimated the population abundance of key
predatory fish species using a multiple recapture model (Table C-2). Predator abundance estimates are
highly variable, however, these estimates are thought to be conservatively low (Beamesderfer and Rieman
1991).

Table C-2: Population abundance estimates of key predatory fish species using a multiple recapture model as
reported by Beamesderfer and Rieman (1991). 95% confidence limits in parentheses.

Year N. Pikeminnow(>250mm) S. Bass(>200mm) Walleye(>250mm)
1984 69,947 (55,250-86,040) - - 13,043 (6,573-23,006)
1985 84,114 (66,905-105,749) 31,948 (18,967-44,929) 18,426 (7,236-39,855)
1986 102,888 (75,215-136,059) 37,959 (29,019-46,899) 14,036 (4,520-36,003)
Average 85,316 (65,693-106,645) 34,954 (25,166-44,741) 15,168 (6,067-32,914)

Gut analysis of catfish suggests that they feed heavily on juvenile salmonids (Vigg et al. 1991), however,
mark-recapture estimates were not performed for this species. This analysis was not possible partly due to
the low numbers observed in JDA. While catfish may not be present in large numbers in the Columbia,
gillnet CPUE suggest that catfish densities in the Snake River relative to other species are high
(Zimmerman and Parker 1996).

Mark-recapture predator abundance estimates have not been conducted for other years or in other
reservoirs. A predator monitoring program, however, has estimated the relative abundance (the abundance
index-AI) based on CPUE of predators in several reservoir since 1990 (Ward et al. 1998). Passage models
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used this information to describe the relative abundance of predators in the Snake and Columbia Rivers.
The AI has been determined for the BRZ, mid-reservoirs, and forebays for several reservoirs and allows site
specific information in the passage models. This information is important as predation rates vary greatly
between these sections with greatest disparity observed between the BRZ and the mid-reservoir (Petersen
1994).

A sensitivity on the impact of the predator removal program is currently addressed in PATH. The predator
removal program began in 1990. Relative predator abundance used in the model included AIs from 1990
and 1991, the years during the monitoring program thought to be the least impacted by the predator removal
program and most similar to the intensive JDA predator studies.

Predator Consumption Rates

Another important component needed to assess the impact of predators on prey is the predator consumption
rates for specific prey items. Diets of these major predators have switched to include a greater proportion of
juvenile salmonid in slow water reservoirs and in dam tailraces (Buchanan et al. 1981, Brown and Moyle
1981, Poe et al. 1994, Tabor et al. 1993). Temperature also has a large effect on predator consumption rate
(Kitchell et al. 1977). The increase in temperature due to impoundment likely further increases the
consumption rate on juvenile salmonids.

During the predator study between 1982-1986 conducted in JDA, gut analysis were performed on the four
major predators previously discussed (Vigg et al. 1991). Consumption rates were estimated using a method
derived from Swenson and Smith (1973). These consumption estimates allow further investigation on the
effects of prey density (functional responses), temperature, and location on predation rates. Bioenergetics
models that describe physiological limits have also been developed for these predators (Hewett and Johnson
1992, Vigg et al. 1991, Petersen and Ward, in press). This information is crucial in the development of
mechanistic models used to describe the impact these predators have on juvenile fall chinook.

Currently, the USGS Biological Research Division (BRD) is conducting studies to determine the influence
of shoreline structure, temperatures, and water velocities on predator dynamics. These studies are being
conducted in free-flowing sections in the Snake and Columbia Rivers as well as in reservoir habitat. The
impact that dams have on habitat alteration is also being investigated through historic channel mapping.
These studies will elucidate how habitat changes from the hydroelectric system alter predator impacts on
juvenile salmonids.

Direct Dam Survival

Juvenile salmonids pass a dam through one of three routes of passage; through turbines, spill, or bypass and
sluiceway systems. Mortality associated with each of these routes of passage has been determined in
various studies and are applied to the passage models to account for direct dam mortality. The relative
proportion of a daily cohort of fish apportioned to each of these routes is dependent on spill rates, spill
effectiveness (SS), and fish guidance efficiencies (FGE).

Turbine Survival

The proportion of smolts entering the turbines is based on the proportion of the flow not spilled and the
proportion of smolt not diverted into the bypass systems (1-FGE). We define turbine survival as the
proportion of fish surviving direct turbine passage injuries. Turbines also have an indirect effect on fish
survival by causing stress, injury, and disorientation thereby increasing vulnerability to predation. However,
this is accounted for in the passage models by applying a BRZ specific predation rate. Turbine survival
studies published through 1990 at Snake and lower Columbia River dams have been reviewed by Iwamoto
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and Williams (1993). Turbine survival estimated in the nine studies ranged from 80-98% and averaged
90%. Estimates of direct mortality of subyearling chinook through turbine units include: 3.9% at Bonneville
PH1 (Weber 1954); 11% mortality at McNary Dam (Schoeneman et al. 1961); and 13% mortality at John
Day Dam (Raymond and Sims 1980). Gilbreath et al. (1993) 3-year average turbine mortality of
subyearling chinook at Bonneville PH2 of 2.3% direct plus 6.8% indirect mortality near the outfall.

The passage models use a turbine survival estimate of 0.90, which was the same estimate applied to
spring/summer chinook in PATH analyses. The above information suggests variability exist in the estimates
(2.3-13% mortality). The WG also recommend sensitivities to + 0.03 (0.87 and 0.93) to reflect the general
variability in empirical estimates.

Spill Survival

Editorial note: further analyses of spill survival have been completed and are described in Section 4.2.1
of this report)

The ISG (1996) and Whitney et al. (1997) reviewed estimates of spill survival in the Snake and Columbia
Rivers published through 1995. Nearly all of these studies involved steelhead or yearling chinook salmon.
Mortality estimates for 10 of the 13 studies ranged between 0-0.022. Estimates for the other three studies
were extremely variable (0.04 to 0.275) and, in our opinion, should be viewed with caution. In some
studies, mortality appears to be higher in spillbays with spill deflectors than in those without deflectors, but
these differences are generally not statistically significant (e.g. Muir et al. 1995). Additional studies by the
Corps of Engineers are currently underway to resolve this issue. Recent studies conducted at The Dalles
Dam involving paired releases of subyearling fall chinook above the spillways and below the tailrace
indicate that the spill survival of summer-migrating may be affected by changes in spill (Dawley and
Gilbreath 1998, AFEP presentation). The workgroup has currently agreed on a value of 0.98 as the
mortality experience through the spillway. There are other studies that show different values from this, but
the workgroup has not yet reached agreement on how applicable these studies are.

Spillway Passage Efficiency and Effectiveness

This topic was first surveyed for PATH for use in spring/summer chinook passage modeling in Appendix 4
of Chapter 6 (Marmorek et al. 1996). Since that paper was drafted there have been additional reports
published that estimate smolt passage at spillways throughout the Columbia Basin.

We identify two measures to describe spill passage. Johnson et al. (1997a) defines spill efficiency (SY) as
the proportion of the smolt population passing the entire dam that migrates through the spillway. Spill
effectiveness (SS) is the ratio of SY to the proportion of total flow that is discharged as spill.

The PATH spring/summer yearling chinook passage model analyses used a spill effectiveness of 1.0 for
most dams in the Snake and lower Columbia Rivers. This was based on a review of estimates available
from investigations published through 1995. Typically, those early investigations depicted considerable
variability associated with the spillway passage estimates, which made it difficult to statistically
demonstrate departure from the conventionally assumed SS value of 1.0. However, a number of those
studies suggested SS may often exceed 1.0.

Recently increased research effort has been conducted at some dams in the Snake (Table C-3) and
Columbia River (Tables C-4 and C-5), and those results are available for consideration and incorporation
into passage model analyses/sensitivities. The most prominent studies are hydroacoustic based
investigations that incorporate a new more quantitatively rigorous estimation procedure.
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Table C-3: Spill passage estimates acquired at Snake River dams since 1995.

Dam Citation Year Tool Spp. SY(%) SS Spill(%)
LGR Johnson et al. (1997b) 1997 HA mix 48 1.45 33

Johnson et al. (1997c) 1997 TE ST 41
LGO Muir et al. (1998) 1997 PIT ST 41 1.24
LMO Johnson et al. (1997a) 1997 HA mix 69 1.9
IH Eppard et al.(1997) 1997 TE FC 82 1.2 >65

Lower Granite Dam
Spring migrants: At Lower Granite Dam hydroacoustic sampling occurred only during the spring migration,
thus estimates for summer migrating subyearling fall chinook are not available. Overall, during the study
period 48% of the smolts were estimated to pass the dam via spill. Spill averaged about 33% of total
discharge during that time, yielding an SS estimate of 1.45 (Johnson et al. 1997b). This estimate pertains
not to a particular species but the entire spring-migrating smolt population that was dominated by hatchery
steelhead during that year. These estimates are consistent with telemetry-based estimates for yearling
chinook reported by Wilson et al. (1991); with SS = 1.5 at 40% spill.

Telemetry-based estimates of SY are consistent with those obtained using hydroacoustics. Johnson et al.
(1997c) reported that 41% of the radio-tagged hatchery steelhead passed through the spillway during the
spring study period that roughly coincided with the hydroacoustic evaluation. Spill effectiveness estimates
were not reported for the telemetry data.

Little Goose Dam
Spring Migrants: The only estimate describing spill passage at this site is reported in a recent draft report
released by NOAA Fisheries (Muir et al. 1998). For hatchery steelhead that were used in a survival study,
they estimated that 41% passed the dam via spill (SY), yielding a spill effectiveness (SS) estimate of 1.24 at
the prevailing spill proportions.

Lower Monumental Dam
Spring and Summer Migrants: Johnson et al. (1997a) used hydroacoustic sampling to estimate SY and SS at
Lower Monumental Dam in 1997. This information offers the rare opportunity to compare estimates for
spring and summer-migrating smolts. Conditions at Lower Monumental Dam in 1997 were such that a
considerable volume of spill was provided during an 11-day sampling period in mid-June, at a time when
subyearling chinook dominated the fish population passing the dam. This provided a unique opportunity to
acquire estimates for this chinook race with hydroacoustic sampling.

Results indicate that over the entire sampling period (April 21-June 2, and June 12-25) 69% of the smolts
passed through the spillway. Overall, spill effectiveness over the entire sampling period was estimated at
1.9.

Summer migrants: The investigators did not calculate separate estimates for the spring and June sampling
periods. However, they did note that based on visual inspection of graphs, SY appeared higher during June
when subyearling chinook dominated the run, and SS was similar to that observed for spring migrants, at
near 1.9.
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Ice Harbor Dam
Fall Chinook: In 1997, hatchery-reared subyearling fall chinook were tagged with radio transmitters to
identify their passage routes at Ice Harbor Dam (Eppard et al. 1997). Investigators estimated that 82% of the
smolts passed the dam via spill, yielding a spill effectiveness estimate (SS) of 1.2 at the prevailing high spill
levels (>65%).

Lower Columbia River Dams
Giorgi and Stevenson (1995) surveyed smolt passage route estimates obtained at John Day, The Dalles and
Bonneville Dam up through 1994. Over the previous years, few spillway passage investigations had been
conducted at TDA and JDA and none at Bonneville Dam or McNary Dam.

From 1986-1989 summer hydroacoustic monitoring was conducted at John Day Dam (Reviewed by Giorgi
and Stevenson 1995). Seasonal SS estimates were reported and ranged from 1.0 to 1.4. However, it is not
clear to what extent the targets truly represented fall chinook in the pelagic multi-species fish population
prevalent during the summer.

Summer Migrants: At The Dalles Dam, Giorgi and Stevenson (1995) noted that a hydroacoustic study
(Steig and Johnson 1986) produced a graph that indicated an SS of approximately 2.0 over a range of spill
from about 10-20%, for summer migrants.

Since 1994, subsequent to the Giorgi and Stevenson (1995) review, a number of telemetry-based smolt
passage investigations have been staged at lower Columbia River projects that permit assessments of
spillway usage. Formal estimates of spill effectiveness are not typically calculated. But authors do report
season-wide spill efficiency (SY) estimates and sometimes report the percent river flow discharged as spill.
Inspection of those values in the following Tables C-4 and C-5 indicates that spill effectiveness regularly
exceeds 1.0 at John Day, The Dalles and Bonneville dams.

Table C-4: Spring Migration: Lower Columbia projects- Telemetry-based estimates of spill efficiency. Where
spill % is not indicted, estimates were not provided in the reports that were available for our
inspection at the time of this review.

Dam Citation Year Spp SY (%) Spill (%)
Sheer et al. (97) 1995 YC 28.7 4-5
Holmsberg et al. (97) 1996 YC 42 17-32
Hensleigh et al. (97a) 1997 YC 64-66

JD

ST 51-53
Sheer et al. (97) 1995 YC 75 50-60
Holmsberg et al. (97) 1996 YC 76
Hensleigh et al. (97a) 1997 YC 74

TD

ST 78
Holmsberg et al. (97) 1996 YC 63 30-65
Hensleigh et al. (97a) 1997 YC 75

BON

ST 72
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Table C-5: Summer Migration: Lower Columbia projects- Telemetry-based estimates of spill efficiency. Where
spill % is not indicted, estimates were not provided in the reports that were available for our
inspection at the time of this review.

Dam Citation Year Spp SY (%) Spill (%)
Holmsberg et al. (97) 1996 FC 40 12-20JD
Hensleigh et al. (97a) 1997 FC 45-50
Sheer et al. (97) 1995 FC 74 63-67
Holmsberg et al. (97) 1996 FC 66

TD

Hensleigh et al. (97a) 1997 FC 74
Holmsberg et al. (97) 1996 FC 40 30-57BON
Hensleigh et al. (97a) 1997 FC 26

Prescribing SS in Fall Chinook Passage Model Analyses

The Hydro Passage Work Group recognized that the emerging information indicates that SS regularly
exceeds 1.0 for all species, including summer-migrating fall chinook at dams where it has been evaluated.
However, there is not yet sufficient information to describe an SS X Spill (%) relationship at all dams. As a
consequence, for initial fall chinook passage model analyses we adopted 1.0 (the same value used
previously in the spring chinook analyses) as the default value for SS at all dams except The Dalles. We
suggest that a factor of 2.0 be applied at The Dalles Dam at spill levels < 30% and suggest that above 30%
spill, the relationship grades from 2.0 to 1.0 according to Equation (1). This relationship predicts a factor of
1.5 at 65% spill.

Pf = 2.0*Pw 0 < Pw < 0.30 [Eqn. C-1]
Pf = (2.43 - 1.43*Pw)*Pw Pw > 0.30

Pf is the proportion of fish passing over the spillway and Pw is the proportion of total river flow passing over
the spillway. Spill efficiency, as we have defined it, is (Pf �Pw). Support for this relationship comes from
Giorgi and Stevenson (1995) who cited three investigations that estimated spill efficiency from which SS
estimates could be derived.

The WG recommended conducting a sensitivity analysis, following the initial passage model analyses. In
that sensitivity SS at all four Snake River Dams would be defined by the same function. The suggested
sensitivity analysis for Snake River projects relies on a relationship for spring chinook salmon at Lower
Granite Dam that is based on radio-telemetry observations (Wilson et al. 1991). Using the radio-telemetry
estimates of SS and forcing the relationship through zero, and asymptotic at 100% spill, the following
relationship (2) from Smith et al. (1993) can be applied:

Pf = 2.583*Pw - 3.250*Pw 2 + 1.667*Pw 3 [Eqn. C-2]

where Pf is the proportion of fish passing over the spillway, and Pw is the proportion of water passing over
the spillway.
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Bypass and Sluiceway Survival

Editorial note: further analyses of bypass survival have been completed and are described in Section
4.2.1)

The mortality of fish that pass a dam via the bypass systems was determined by experiments conducted by
NMFS during 1995-1997 (Muir et al. 1998). These tests consisted of paired releases of subyearling fish into
the bypass system at Little Goose Dam and into the river immediately below the tailrace. These experiments
were conducted in 1995, 1996 and 1997 but the experiments in 1995 and 1996 were deemed less reliable
due to temperature and handling problems than in 1997 . Therefore, the 1997 value only (0.88; S. Smith,
pers. comm.) was used for both bypass and sluiceway survival in the current set of passage model analyses.

Because of the nature of the research (i.e. paired releases), the survival rate reflects both the direct mortality
that occurs as fish pass through the dam, but also the mortality associated with bypass related predation in
the tailrace. Attempts to model subyearling survival must acknowledge that tailrace mortality is included in
the estimate and devise a method of partitioning.

Fish Guidance Efficiency

Editorial note: Because the results in the PATH FY98 Report were insensitive to FGE assumptions, only
the second FGE sensitivity (FGE with ELBS > FGE with STS) was used to generate the
current set of results.

The proportion of juvenile salmonids entering the bypass is determined by the fish guidance efficiency
(FGE) of screens used to divert the juveniles away from turbines. Two sets of FGEs were modeled
developed for fall chinook to provide an opportunity to examine model sensitivity to two assumptions about
the effectiveness of Extended Length Bar Screens (ELBSs). The first sensitivity assumed that the FGEs
remained at the same level reported for Submersible Traveling Screens (STSs) while the second set of
FGEs assumed an increase in FGEs for the ELBSs. The two sets are presented in Tables C-6 and C-7 (these
tables not included in this Appendix – see PATH FY98 Report). The data are presented and discussed in
Krasnow (1997).

Table C-6: Year and Project specific FGEs for sensitivity number one (no increase in FGEs with Extended
Length Bar Screens).

Table C-7: Year and Project specific FGEs for sensitivity number two (FGEs increase with Extended Length
Bar Screens).

Transportation

A portion of the subyearling chinook collected in the bypass collection facility at LGR, LGO, LMO, and
MCN are transported. The proportion of fish entering the collection facility is determined by the FGE. The
transport start and stop dates and the probability of being transported during the collection period determine
the proportion collected that is transported. This information was reported prior to 1982 by NMFS and
subsequently from Army Corps (Table C-8). The proportion of the fish collected that were transported may
not represent the proportion of the migratory population transported as a large portion of the migratory
population may arrive at a collector project after the stop date. Thus, the total proportion of the migratory
population transported is determined in the passage models and is dependent not only on the probability of
being collected and transported at a specific project but also on the arrival date at that project.
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Table C-8: Cutoff dates for transporting fall chinook smolts at Lower Granite (LGR), Little Goose (LGO),
Lower Monumental (LMO), and McNary Dam (MCN).

Year LGR LGS MCN
77 6/13 6/15
78 6/19 6/13 8/30
79 7/2 6/18 8/22
80 7/5 7/2 9/3
81 7/28 7/23 9/9
82 7/27 7/20 9/22
83 7/28 7/6 9/20
84 7/24 7/26 9/26
85 7/21 7/21 9/24
86 7/22 7/1 9/24
87 7/29 7/7 10/27
88 7/29 7/13 9/19
89 7/25 7/9 9/17
90 7/24 7/19 9/12
91 10/29 10/29 10/29
92 10/29 10/30 12/5
93 10/30 10/30 10/28
94 10/30 10/30 11/20
95 10/30 10/30 12/10
96 10/29 10/26 12/13
97 11/8 11/2 12/12

Fish that are transported either through trucks or barges incur some mortality before release below BON.
Studies designed to estimate transport survival on subyearling chinook have not been conducted, and hence
a value of 0.98 was adopted from the yearling chinook passage model. However, studies estimating yearling
chinook transportation survival have also not been conducted. The value of 0.98 was suggested by PATH
representatives from the Army Corp of Engineers and is based on anecdotal evidence and visual
observations. The WG recommended conducting a sensitivity analysis on this value, following the initial
passage model analyses.

No transport studies have been conducted estimating post-release survival of subyearling Snake River
chinook. However, a series of evaluations have been conducted at MCN Dam using a mixed wild/hatchery
population arriving at that dam (Giorgi 1998). Those transportation experiments were conducted at MCN
Dam beginning in 1978 continuing through 1983, then again in 1986-1988. As the stock evaluated in these
studies consist mainly of wild and hatchery populations emanating from the mid-Columbia (Hanford) their
applicability to Snake River subyearling fall chinook is uncertain. We propose to look at this further in
FY99. Therefore, the post-BON survival of transported fish is presently analyzed in the life-cycle models
(Section 4.5).

Reach and Project Survival Estimates

The above topics discuss data used to develop passage model components. These models were used to
estimate and predict changes in survival throughout the juvenile migration from the head of LGR pool to
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tailrace of BON. Studies investigating survival of subyearling chinook can thus be used to calibrate or
validate these models.

Editorial note: The reach and project survival estimates used by the passage models in the current round
of modeling also include the 1998 estimates, which became available after the FY98
Report was completed. The 1998 data is graphed in Section 4.2.2.

NMFS has been estimating the survival of juvenile fall chinook through portions of the lower Snake River
since 1995. Those investigations used Lyons Ferry Hatchery fish. PIT-tagged fish were released at a
number of sites upstream from LGR Dam. They estimated survival through a mark-recapture method from
each release site to the tailrace of LGR Dam and through subsequent projects to the tailrace of LMO Dam.
Capture and survival probabilities were estimated with the software program SURPH using the single
release model. Detailed results are presented in Smith et al. (1996), Muir et al. (1997), and Muir and Smith
(1998).

Survival – Release to LGR

Each year, over a seven-week release period the survival decreased steadily through time. Survival
decreased considerably from near 70% in late May to near 5% for releases made in early July. Data were
detailed in tables presented in Muir and Smith (1998).

Survival – LGR to LOMO

Survival estimates were calculated for weekly blocks of fish passing LGR. Survival to LOMO was similar
in 1995 and 1996, in terms of magnitude and pattern. In 1997 survival estimates were substantially lower
than previous years, particularly in July and early August. Data and estimates are presented in Muir and
Smith (1998).

Summary

1. Daily site-specific river flows, spills, reservoir elevation, and temperature are physical data
incorporated into the passage models. This information is archived in electronic format by various
organizations including the Fish Passage Center. Hydroregulation models developed by the Army
Corps of Engineers estimate flows, spills, and elevations for project sites under different management
options.

2. The initial emigration distribution defines the size of a daily cohort and when they begin their
migration. These distributions were determined from seining catch rates for sub-yearling chinook
collected for PIT-tag studies. These distributions vary from year to year and may be affected by
environmental variables. Whether a subyearling is in a rearing/migratory or migratory phase may also
influence these distributions.

3. PIT-tag studies provide estimates of wild and hatchery Snake River fall chinook fish travel time
available for constructing FTT relationships used in the passage models. Those estimates extend to
MCN dam from 1995 to 1997 and to BON Dam in 1997. Estimates through LGR Pool are available for
1991-1998.

4. Predation is the primary source of mortality in the reservoirs described in the passage models. Predation
rates are determined from predator abundance and consumption estimates. These variables have been
estimated through an intensive predation study in JDA from 1982-1986 and from a predator-monitoring
program conducted in the Lower Snake and Columbia Rivers. Predation estimates derived from these
studies are applied to the entire time-series analyzed in the passage models.
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5. Direct turbine mortality is assumed to be 10% based on the average survival estimates from several
studies. These studies exhibit variability in survival, perhaps warranting a sensitivity on this estimate.

6. Based on a review of several studies, the Work Group suggested that a spillway survival value of 98%
be used for the current round of passage model analyses. The workgroup needs to assess the
applicability of other studies that produce different estimates of spill survival. (further analyses are
described in Section 4.2.1)

7. Several studies indicate that spill effectiveness is near 1.0, and this value had been adopted in the
passage models. Recent estimates acquired over the last three years indicate that spill effectiveness at
most sites exceeds 1.0. Future analyses need to provide a contrasting assessment using the most current
information.

8. Based on a 1997 study at Little Goose Dam, the workgroup adopted a bypass survival of 0.88 for the
current round of passage modeling. Further analyses of other estimates and sensitivity analyses to a
range of values are needed. (further analyses are described in Section 4.2.1)

9. FGE, transport start and stop dates, and probability of being transported after collection determine the
proportion of fish transported at collector projects. NMFS and the Army Corps of Engineers have
compiled this information since 1975. Transported fish have an assumed survival of 98% upon release
below BON. No studies, however, have been conducted to determine this survival estimates suggesting
a sensitivity to different survival assumptions is necessary. No post-release transport evaluations have
been conducted using fall chinook at Lower Granite Dam and therefore are currently estimated in the
life-cycle model.

10. Survival estimates obtained during the years 1995-1997 for Snake River fall chinook juvenile salmon
(Lyons hatchery stock) in the Lower Snake, are possibly the only data available for use in either the
calibration or validation of the passage model. Appropriate survival values for this process, to-date,
have not been agreed upon by the workgroup. The workgroup is discussing how to use these estimates
for calibration or validation. (1998 estimates are described in Section 4.2.2)
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Appendix D - Detailed Life-Cycle Model Results

D.1 Distributions of spawners, harvest rates, and catch over time

The fall chinook life-cycle model generates distributions of:

1. spawner abundance
2. in-river harvest rate
3. in-river catch
4. ocean harvest rate
5. ocean catch

These distributions are produced for every 5th year of the 100-year simulation period. Distributions of these
values are produced as a result of sampling from distributions of the historical parameter estimates of the
Ricker a, Ricker b, D, E, and other parameters that are estimated through the retrospective analyses.
Distributions of historical parameter estimates are sampled from 4000 times during the prospective
simulations; each of these samples produces a unique trend in spawners and catch over time. The
distributions of spawners and catch shown here represents the distribution of those trends over the 4000
samples.

Tables D.1-1 through D.1-5 contain the complete distributions of these measures for each action. Results
are further broken out by D hypothesis and passage model. For A3 and B1, we used only one of the 8
possible combinations of drawdown hypotheses. The combination selected for each actions tended to result
in intermediate life-cycle model results (i.e. close to the average over all assumptions).

Results for hypotheses D2 and D4 are averaged over the three extra mortality hypotheses. Results for
individual extra mortality hypotheses are shown only for actions A2 (Table D.1-6) and A3 (Table D.1-7).
These actions were selected as representative of transportation (A2) and drawdown (A3) actions; patterns in
results for A2’ and B1 are generally similar to A2 and A3.
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Table D.1-1: Projected distributions of fall chinook spawners.

A2 A2' A3 B1D Pass
Mod

Yr
10th 25th Med 75th 90th 10th 25th Med 75th 90th 10th 25th Med 75th 90th 10th 25th Med 75th 90th

5 552 852 1405 2293 3650 538 869 1422 2369 3712 550 856 1414 2318 3634 297 463 743 1234 1953
10 868 1413 2390 3867 5826 918 1484 2504 4127 6429 433 706 1193 1966 2910 4144 5753 9293 15268 23621
15 1132 1940 3130 4886 7164 1350 2134 3450 5331 7994 4564 6645 10803 17388 26287 6354 9580 15151 24222 38177
20 1345 2110 3419 5216 7730 1522 2394 3724 5708 8457 6273 9409 14943 24410 38236 6451 9627 15367 25432 39340
25 1373 2196 3533 5447 7887 1646 2544 3909 5838 8721 7201 11327 18770 31039 48406 7332 11147 17953 30255 47514
30 1384 2238 3480 5319 7750 1599 2519 3876 5911 8676 7050 11186 18190 29932 48245 6980 10725 17325 28801 45738
35 1483 2279 3520 5347 8031 1670 2545 3956 5926 8635 6807 10815 18114 29986 47828 6897 10984 17750 29194 45693
40 1435 2239 3491 5266 7701 1681 2507 3871 5742 8560 6883 11191 18356 30006 47479 6878 10651 17480 29001 45101
45 1454 2231 3526 5408 8089 1681 2561 3943 5928 8597 6950 10988 18034 30223 48106 6978 10878 17701 29180 46440
50 1481 2258 3586 5370 7814 1687 2524 3885 5822 8514 6926 11037 18145 29790 46386 7018 10828 17672 29293 45844
55 1448 2275 3633 5448 7920 1715 2606 4048 6014 8833 6922 11124 18503 30693 47364 7040 10896 17872 29314 47145
60 1509 2282 3520 5253 7860 1683 2560 3969 5979 8671 6905 11111 18487 29640 46842 7035 11222 18106 29261 45769
65 1464 2243 3520 5364 7771 1687 2552 3973 6049 8943 6945 11306 18864 31044 47684 7163 11114 17540 28527 44190
70 1452 2276 3535 5205 7610 1656 2523 3912 5978 8726 6976 10999 18052 29916 47337 7039 11111 17747 28786 44595
75 1430 2249 3552 5366 7763 1661 2571 3944 5888 8669 6886 10945 18137 29765 46280 7070 10879 17957 28962 45502
80 1472 2245 3548 5360 7836 1708 2599 4010 6029 8608 6835 11250 18642 30675 49409 6749 10806 17872 29291 46229
85 1450 2262 3553 5342 8004 1670 2566 3953 5903 8761 7011 10909 18594 30148 47099 7047 10848 17857 29031 45233
90 1459 2231 3518 5305 7794 1664 2550 3899 5882 8587 7164 11311 18470 30185 47220 7187 11115 17845 28617 44140
95 1413 2273 3556 5221 7837 1699 2537 3908 5912 8644 7056 11044 18142 29969 46773 7001 10999 17867 29412 46291

C

100 1455 2292 3560 5398 7969 1689 2596 3915 5989 8845 7245 11293 18987 31422 49085 7008 10849 17859 29090 45659
5 1072 1693 2778 4607 6983 1042 1654 2711 4380 6783 1062 1696 2796 4455 6840 576 937 1555 2474 3688

10 1948 3028 4613 6938 10534 2000 3004 4679 7125 11016 956 1483 2248 3439 5074 6146 9483 14943 23968 36675
15 2271 3369 5027 7666 11544 2552 3744 5459 8314 12744 5012 7551 12355 20088 30505 7291 11384 18788 31100 48932
20 2435 3510 5122 7816 11851 2610 3748 5499 8246 12651 6651 10448 16768 27225 41553 7040 11338 18414 30594 47793
25 2465 3583 5244 7844 11625 2561 3756 5621 8433 12715 7414 11742 19292 31772 50313 8679 13657 22599 37847 58019
30 2413 3463 5114 7586 11383 2653 3769 5468 8288 12491 6950 11447 19006 31301 49021 7620 12489 21547 36896 58361
35 2387 3464 5061 7656 11630 2633 3766 5505 8402 12855 7016 11320 18819 31371 48366 7723 13113 22026 37243 60245
40 2354 3467 5115 7705 11652 2601 3758 5551 8459 12701 7092 11418 18961 32131 52160 7762 12727 20948 34930 55468
45 2460 3611 5166 7817 11675 2610 3778 5507 8296 12591 6949 11466 18990 31340 48932 7536 12738 21700 37253 59643
50 2426 3493 5156 7694 11647 2612 3772 5591 8472 13058 6848 11158 18592 30532 48336 7623 12819 21571 35449 57491
55 2293 3401 4987 7496 11273 2550 3702 5449 8138 12048 7053 11309 18969 31015 49662 7936 13007 22278 36729 56904
60 2411 3568 5194 7856 11606 2627 3802 5572 8371 12632 6703 11156 18876 30665 48096 7766 12906 21901 36806 58475
65 2344 3411 5066 7602 11389 2615 3790 5528 8394 12752 6976 11361 18906 32025 50424 7953 12741 21938 36350 58866
70 2370 3411 5090 7723 11580 2568 3719 5406 8270 12258 6798 11401 19150 31417 48109 7725 13043 21816 36865 57515
75 2368 3436 5017 7593 11309 2682 3810 5500 8346 12461 6783 10951 18273 30655 47475 7716 12950 21687 36972 58347
80 2492 3500 5137 7753 11509 2610 3824 5628 8452 12638 6830 11074 18324 30734 48479 7766 12629 21388 35687 56013
85 2393 3517 5136 7578 11349 2586 3776 5538 8468 12986 6974 11229 18986 31047 49441 8027 12860 21979 36447 57137
90 2367 3496 5128 7678 11559 2617 3817 5661 8410 12758 6861 11052 18574 31684 50594 7650 12840 21742 36912 58890
95 2379 3421 5038 7531 11291 2550 3724 5560 8549 12775 7016 11244 18614 29908 48505 7797 12787 21719 35800 56093

D1

F

100 2444 3463 5052 7736 11413 2596 3776 5466 8263 12394 6954 11081 18611 31937 49637 7657 13000 21449 35090 57431
5 336 618 1207 2426 4460 327 596 1192 2385 4449 327 606 1222 2449 4714 152 270 543 1115 2106

10 409 854 1917 3953 6805 435 936 2106 4302 7721 217 437 991 1988 3512 761 1445 2950 5425 9328
15 781 1581 3274 6151 10799 950 1941 3928 7227 12983 1384 2616 4500 7890 13219 1419 2509 4481 8246 14060
20 1159 2116 3945 7135 12035 1406 2514 4598 8221 14208 2353 3605 5947 10102 17312 2093 3261 5236 9425 16621
25 1247 2242 4113 7220 12462 1492 2607 4783 8485 14718 2970 4418 7554 13222 22949 2589 3772 6456 11797 21132
30 1256 2259 4078 7299 12303 1490 2628 4675 8435 14565 3032 4559 7762 13516 23436 2620 3816 6475 11611 20389
35 1291 2297 4187 7305 12425 1519 2598 4747 8382 14470 3050 4542 7690 13546 23053 2672 3922 6582 11606 20308
40 1276 2229 4088 7226 12047 1530 2614 4672 8347 14764 3004 4556 7747 13531 23398 2586 3778 6388 11341 19832
45 719 1501 3143 5596 9868 913 1866 3665 6521 11404 2307 3556 6250 11081 19918 1895 2953 5242 9146 16468
50 690 1454 3030 5546 9370 875 1804 3587 6368 10852 2214 3590 6169 10621 18569 1732 2767 5044 8937 16454
55 608 1424 3003 5605 9581 858 1815 3652 6592 11198 2183 3504 6101 10538 18663 1688 2748 4970 8889 15777
60 600 1390 2957 5459 9256 836 1803 3582 6580 11216 2150 3499 6080 10615 18894 1666 2668 4898 8858 15541
65 573 1324 2954 5380 9139 827 1769 3594 6626 11720 2134 3490 6141 10830 19065 1621 2572 4733 8547 14632
70 512 1268 2876 5262 9082 786 1738 3493 6351 11318 2189 3513 6063 10470 18550 1624 2614 4886 8577 14778
75 917 1894 3775 6738 11440 1295 2504 4568 8098 14044 2883 4454 7441 12911 21997 2011 3344 5729 10273 17884

D2 C

80 1217 2232 4129 7355 12195 1555 2675 4805 8509 14370 3107 4591 7802 13767 23704 2523 3766 6398 11381 19966
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A2 A2' A3 B1D Pass
Mod

Yr
10th 25th Med 75th 90th 10th 25th Med 75th 90th 10th 25th Med 75th 90th 10th 25th Med 75th 90th

85 1255 2239 4154 7368 13023 1565 2698 4816 8383 14587 3105 4572 7700 13503 23527 2641 3913 6681 11618 20289
90 1227 2246 4120 7349 12267 1550 2664 4782 8346 14160 3094 4685 7893 13386 23028 2714 3970 6648 11502 19922
95 1242 2208 4101 7190 12496 1515 2587 4697 8371 14433 3149 4660 7826 13346 23480 2671 3914 6627 11617 20680

Yr

100 1283 2297 4130 7272 12727 1535 2700 4861 8540 14543 3150 4715 8186 14103 24221 2685 3905 6567 11690 20451
5 364 670 1388 2845 5231 348 641 1313 2734 5102 362 678 1361 2788 5129 156 291 599 1250 2384

10 475 1013 2218 4467 8291 499 1021 2342 4900 8804 224 479 1107 2225 3934 783 1521 3000 5595 9923
15 967 1901 3834 7154 12591 1159 2309 4606 8401 15191 1347 2597 4485 7946 13556 1599 2731 4739 8737 15445
20 1353 2370 4379 8012 13821 1546 2745 5033 9120 15698 2221 3451 5772 10066 17400 2283 3415 5527 10127 17688
25 1395 2430 4458 8017 13686 1583 2839 5290 9372 15761 2787 4154 7228 12611 22149 2763 4127 7135 12903 23211
30 1366 2380 4404 7794 13342 1607 2861 5129 9091 15941 2832 4246 7349 13168 22774 2769 4176 7507 13468 24669
35 1318 2385 4358 7842 13685 1595 2881 5234 9407 16583 2891 4304 7335 13076 22612 2807 4264 7695 13940 24820
40 1343 2411 4390 7879 13954 1640 2856 5152 9237 16077 2957 4351 7463 13259 23445 2830 4266 7379 13307 23549
45 808 1662 3292 5788 9827 992 1988 3858 6864 11699 2111 3372 5962 10497 18291 1988 3230 5849 10462 18711
50 737 1556 3177 5777 10034 989 2044 4024 6979 11858 1935 3165 5616 9836 17621 1805 2971 5590 10035 17736
55 673 1464 3078 5541 9600 987 1981 3751 6457 11616 1952 3180 5638 9801 17777 1826 3020 5620 10154 17925
60 667 1475 3184 5716 9758 948 1980 3811 6811 11977 1909 3131 5632 9732 17022 1839 3030 5548 10018 17942
65 642 1420 2994 5532 9800 942 1969 3842 6804 11956 1871 3107 5676 10043 17682 1744 2903 5460 9909 18383
70 630 1404 3003 5670 9856 916 1898 3822 6830 11675 1912 3113 5699 9915 17759 1761 2937 5468 9897 17919
75 1055 2099 3963 7209 12292 1578 2803 5122 9214 16138 2493 3997 6760 11964 20525 2327 3836 6825 12554 22568
80 1324 2378 4403 7858 13732 1629 2884 5270 9188 15541 2857 4286 7260 12716 21744 2835 4194 7358 13222 23553
85 1331 2355 4371 7808 13636 1663 2898 5307 9501 16483 2844 4269 7382 13080 22993 2894 4321 7749 13959 25183
90 1291 2333 4420 7944 13655 1636 2866 5235 9516 16230 2908 4264 7377 13227 23172 2814 4285 7536 13662 24577
95 1365 2386 4326 7653 13197 1624 2825 5150 9431 16520 2851 4296 7289 12729 22065 2954 4372 7529 13580 23906

Yr

F

100 1358 2390 4391 7749 13480 1628 2867 5226 9325 15950 2852 4280 7369 13340 23245 2840 4272 7474 13314 23699
5 137 248 479 1001 1927 145 244 476 989 1927 144 257 495 1043 2119 67 114 224 452 884

10 128 254 577 1392 3079 106 230 542 1423 3306 65 132 316 757 1636 1762 2907 4738 7922 12886
15 127 267 649 1792 4096 67 190 580 1856 4212 1873 3349 5562 10215 17394 5949 8793 13699 21393 33064
20 126 262 683 2000 4221 60 185 594 2051 4754 6111 9086 14528 22654 34702 6493 9626 15578 25342 39754
25 125 270 687 2109 4552 59 184 603 2113 4940 7192 11338 18853 30876 47795 7254 11155 18219 30101 47326
30 124 259 718 2071 4549 59 183 613 2132 4802 6985 11171 18076 29850 47572 6926 10715 17305 29060 45574
35 120 267 713 2169 4640 59 182 597 2233 4942 6970 10925 18186 30056 48284 6945 10916 17922 29130 45587
40 125 270 712 2103 4447 58 175 610 2216 4787 6899 11192 18092 29965 46978 6898 10562 17514 29210 45738
45 127 261 724 2130 4517 57 171 607 2255 5155 6811 10881 18144 30224 47475 7004 10945 17905 29010 46542
50 123 257 739 2287 4785 59 170 609 2247 4834 6943 11078 18177 29637 46427 6988 10793 17736 29520 46247
55 125 266 747 2186 4684 58 183 628 2318 4948 6849 11061 18424 30782 47285 7037 10866 17904 29291 47421
60 120 264 756 2225 4740 60 174 621 2253 4973 6912 11105 18348 29846 47146 7075 11176 18074 29308 45612
65 122 266 743 2184 4684 61 184 633 2250 4929 6934 11284 18874 31131 47983 7144 11094 17523 28533 44427
70 120 269 743 2134 4468 57 173 608 2325 4912 6951 10989 18095 29801 47180 7066 11094 17786 28814 44487
75 121 265 735 2132 4630 56 177 625 2217 4831 6836 10889 18103 29677 46175 7089 10847 17881 28964 45473
80 122 256 733 2208 4749 61 187 614 2197 5012 6769 11185 18714 30763 49477 6733 10774 17936 29275 46361
85 116 260 752 2334 4773 60 174 612 2281 4816 7050 10926 18545 30296 47137 7033 10862 17818 29043 45195
90 121 260 733 2246 4533 57 169 601 2233 5062 7166 11405 18567 29892 46510 7168 11089 17716 28525 44220
95 118 258 727 2240 4539 57 175 590 2207 4781 7086 11089 18205 29835 46739 7006 11040 17906 29360 46190

C

100 123 267 752 2262 4664 60 179 610 2246 5001 7354 11315 19036 31555 49334 7016 10841 17922 29081 45826
5 245 422 802 1567 2936 250 430 816 1569 3014 249 441 830 1632 3016 118 201 377 717 1350

10 262 516 1137 2516 4847 237 490 1143 2653 5122 139 269 574 1287 2556 3656 5245 8501 14494 23264
15 281 594 1368 3093 5665 188 451 1384 3342 6513 3973 5645 9456 15850 25480 7784 11870 19002 30782 48320
20 308 616 1486 3297 5912 166 448 1466 3532 6587 6767 10482 16685 27134 42554 6882 11281 18371 30782 48054
25 293 618 1523 3479 6285 160 459 1543 3601 6528 7309 11666 19225 31628 49211 8680 13891 22721 37861 58281
30 300 616 1513 3320 5866 156 449 1528 3702 6673 6889 11407 18465 31201 50262 7510 12669 21761 36817 57873
35 290 615 1500 3355 5868 152 457 1561 3725 6830 6934 11241 18645 31271 48632 7750 13198 22092 37659 59596
40 280 620 1533 3394 6138 152 447 1594 3763 6850 7001 11567 19177 31671 50673 7518 12652 21063 35285 54940
45 294 616 1596 3493 5916 156 437 1560 3757 6730 6823 11251 18886 31104 49755 7591 12732 21804 37464 60375
50 290 630 1517 3430 6021 155 465 1517 3863 6912 6836 11113 18867 31042 49152 7554 12663 21877 35740 57947
55 282 613 1483 3281 5825 154 441 1542 3748 6901 7151 11282 18766 31081 50543 7779 12704 22068 36732 56804
60 286 627 1504 3452 6144 162 454 1539 3744 6892 6664 11023 18663 31206 49161 7631 13051 22214 36961 58648
65 280 602 1528 3371 5945 153 445 1600 3766 6627 6788 11074 18944 31509 50999 7823 12587 22015 36347 60021

D3

F

70 288 621 1554 3383 5894 153 448 1557 3763 6775 6817 11346 18761 31184 49324 7815 13052 21953 36508 57295



PATH Decision Analysis Report for Snake River Fall Chinook

262 ESSA Technologies Ltd.

A2 A2' A3 B1D Pass
Mod

Yr
10th 25th Med 75th 90th 10th 25th Med 75th 90th 10th 25th Med 75th 90th 10th 25th Med 75th 90th

75 281 604 1493 3324 5747 158 455 1575 3719 6767 6777 10901 18196 30231 47716 7929 13068 21965 37063 58736
80 279 616 1543 3403 6118 159 442 1532 3663 6890 6798 10945 18292 30783 47616 7858 12686 21333 35499 56393
85 286 622 1502 3329 5999 163 458 1595 3660 6645 6726 11080 18730 31195 49021 7853 12934 21868 36338 58030
90 294 623 1480 3352 6007 162 451 1556 3692 6668 6916 11193 18711 31798 50308 7655 12827 21838 36851 58090
95 281 623 1506 3329 5928 162 450 1540 3764 6833 6871 11073 18391 30265 47421 7855 12875 21816 36410 58617

YrYr

100 282 624 1542 3379 5904 155 444 1568 3635 6489 6970 11309 18550 31596 49374 7851 13014 21528 35278 56909
5 206 335 558 950 1571 206 327 559 971 1612 207 332 558 977 1626 104 160 265 459 760

10 220 377 688 1266 2149 215 384 724 1348 2356 108 192 347 645 1158 1266 2170 3916 6290 10399
15 274 478 895 1665 2879 282 513 986 1867 3181 1695 2969 5099 8901 14969 3776 5691 9201 15240 24319
20 314 568 1065 1987 3379 347 617 1182 2222 3739 4460 6617 10789 17426 27248 4504 6557 10539 17921 29361
25 357 610 1166 2158 3626 386 703 1345 2434 3994 5437 8210 13805 22892 37646 5143 7658 12581 21336 34743
30 364 646 1205 2205 3715 402 737 1370 2525 4268 5292 8065 13539 22819 36725 4945 7328 12225 20993 34372
35 392 679 1236 2254 3789 427 765 1428 2564 4307 5348 8203 13542 23073 36973 5022 7486 12306 20429 32600
40 389 672 1240 2264 3761 429 751 1389 2565 4333 5207 8022 13524 22875 36856 4951 7241 11958 20378 32883
45 310 569 1102 2042 3490 335 637 1264 2354 3949 4825 7136 12182 20961 34331 4504 6564 10878 18849 31845
50 277 520 1012 1939 3355 287 570 1144 2194 3708 4961 7409 12252 20901 33997 4508 6535 10967 18912 31081
55 259 490 997 1927 3468 281 550 1127 2198 3778 4931 7422 12482 21189 34509 4525 6603 11007 18589 30437
60 252 487 964 1858 3300 268 538 1100 2137 3723 4834 7321 12549 20816 34324 4558 6731 11024 18965 30833
65 239 472 923 1860 3268 261 518 1097 2170 3904 4881 7350 12545 21312 34621 4516 6514 10779 18321 29451
70 232 445 934 1835 3261 251 512 1062 2129 3727 4968 7407 12354 20622 34492 4526 6641 10864 18463 29224
75 287 529 1029 1966 3391 319 596 1201 2307 3930 5481 8317 13845 22664 35825 5086 7585 12431 20451 33273
80 336 622 1147 2158 3708 373 685 1332 2512 4102 5221 8078 13661 23196 37610 4894 7367 12418 21186 33759
85 359 652 1219 2259 3980 397 731 1377 2485 4213 5310 8038 13330 22711 36578 5054 7528 12386 20904 33216
90 375 675 1234 2296 3763 420 754 1409 2554 4208 5405 8353 13677 22989 36373 5069 7560 12378 20428 33294
95 384 675 1253 2265 3818 428 749 1399 2575 4263 5308 8139 13475 23032 37573 4943 7554 12386 21056 34263

C

100 404 688 1269 2338 3885 431 778 1426 2620 4413 5404 8413 13984 23542 38263 5095 7517 12263 20508 34355
5 368 608 1037 1832 2978 349 569 985 1737 2909 356 583 1020 1812 2963 164 280 503 886 1500

10 475 865 1607 2869 4696 482 832 1543 2892 4817 235 415 760 1368 2306 2452 4041 6606 11754 19872
15 687 1191 2189 3847 6057 708 1286 2385 4071 6530 3272 5119 8505 14593 23221 5147 7827 13018 21484 35336
20 822 1454 2588 4344 6681 912 1578 2744 4522 7020 5072 7546 12491 20820 33337 5173 7801 13146 22798 37079
25 888 1544 2693 4391 6693 984 1704 2912 4763 7199 5545 8727 14929 24842 40644 6168 9847 16202 27679 44774
30 919 1545 2646 4332 6669 1027 1733 2958 4751 7228 5433 8615 14753 24822 41274 5773 9084 15907 27895 46033
35 890 1523 2649 4307 6720 1047 1746 2991 4868 7569 5573 8661 14464 24759 40655 5806 9423 16463 28353 46206
40 907 1549 2683 4392 6843 1053 1785 2986 4836 7408 5533 8710 14846 24938 41806 5797 9316 15719 26753 43534
45 784 1386 2452 4135 6410 881 1540 2662 4412 6787 4978 7722 13366 23176 37826 5140 8239 14505 25043 41715
50 689 1268 2339 4029 6183 820 1444 2667 4400 6801 5073 7761 13349 23026 37535 5278 8283 14190 24958 41644
55 647 1206 2276 3862 5965 794 1393 2493 4199 6472 5116 7897 13475 23107 38207 5344 8418 14848 25942 42169
60 659 1261 2336 3900 6199 779 1393 2536 4279 6584 4994 7701 13269 22513 36793 5382 8576 14898 25500 42179
65 626 1209 2256 3893 6118 767 1395 2575 4343 6742 5037 7897 13539 23113 38212 5318 8445 14561 25436 42420
70 629 1228 2265 3933 6152 733 1399 2502 4243 6617 5109 7987 13564 23034 38153 5336 8484 14563 25768 41926
75 747 1337 2381 4114 6375 918 1604 2775 4626 7011 5519 8547 14498 24248 38783 6144 9629 16389 27964 45881
80 849 1491 2588 4318 6676 1017 1685 2894 4739 7099 5412 8490 14323 24273 38710 5843 9180 15576 26840 44902
85 889 1527 2643 4257 6575 1037 1766 3012 4852 7291 5353 8350 14523 24825 41039 5816 9346 16222 28251 45648
90 897 1557 2671 4421 6742 1064 1787 3005 4855 7304 5482 8538 14655 24870 40053 5810 9232 15812 27523 45955
95 908 1515 2618 4327 6698 1055 1769 2987 4907 7545 5471 8426 14060 24020 39233 5926 9484 16243 27475 44516

D4

F

100 916 1543 2696 4437 6746 1047 1764 2996 4804 7229 5362 8503 14530 24966 40517 5713 9122 15808 26998 43713
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Table D.1-2: Projected distributions of fall chinook in-river harvest rates.

A2 A2' A3 B1D Pass
Mod

Yr
10th 25th Med 75th 90th 10th 25th Med 75th 90th 10th 25th Med 75th 90th 10th 25th Med 75th 90th

5 0.25 0.25 0.26 0.26 0.31 0.25 0.25 0.26 0.26 0.31 0.25 0.25 0.26 0.26 0.31 0.25 0.25 0.26 0.26 0.31
10 0.25 0.25 0.26 0.30 0.31 0.25 0.25 0.26 0.30 0.31 0.25 0.25 0.26 0.30 0.31 0.25 0.25 0.26 0.58 0.59
15 0.25 0.25 0.26 0.30 0.31 0.25 0.25 0.26 0.30 0.31 0.25 0.25 0.26 0.58 0.59 0.25 0.25 0.26 0.58 0.59
20 0.25 0.25 0.26 0.30 0.31 0.25 0.25 0.26 0.30 0.31 0.25 0.25 0.26 0.58 0.59 0.25 0.25 0.26 0.58 0.59
25 0.25 0.25 0.26 0.30 0.31 0.25 0.25 0.26 0.30 0.31 0.25 0.25 0.26 0.58 0.59 0.25 0.25 0.26 0.58 0.59
30 0.25 0.25 0.26 0.30 0.31 0.25 0.25 0.26 0.30 0.31 0.25 0.25 0.26 0.58 0.59 0.25 0.25 0.26 0.58 0.59
35 0.25 0.25 0.26 0.30 0.31 0.25 0.25 0.26 0.30 0.31 0.25 0.25 0.26 0.58 0.59 0.25 0.25 0.26 0.58 0.59
40 0.25 0.25 0.26 0.30 0.31 0.25 0.25 0.26 0.30 0.31 0.25 0.25 0.26 0.58 0.59 0.25 0.25 0.26 0.58 0.59
45 0.25 0.25 0.26 0.30 0.31 0.25 0.25 0.26 0.30 0.31 0.25 0.25 0.26 0.58 0.59 0.25 0.25 0.26 0.58 0.59
50 0.25 0.25 0.26 0.30 0.31 0.25 0.25 0.26 0.30 0.31 0.25 0.25 0.26 0.58 0.59 0.25 0.25 0.26 0.58 0.59
55 0.25 0.25 0.26 0.30 0.31 0.25 0.25 0.26 0.30 0.31 0.25 0.25 0.26 0.58 0.59 0.25 0.25 0.26 0.58 0.59
60 0.25 0.25 0.26 0.30 0.31 0.25 0.25 0.26 0.30 0.31 0.25 0.25 0.26 0.58 0.59 0.25 0.25 0.26 0.58 0.59
65 0.25 0.25 0.26 0.30 0.31 0.25 0.25 0.26 0.30 0.31 0.25 0.25 0.26 0.58 0.59 0.25 0.25 0.26 0.58 0.59
70 0.25 0.25 0.26 0.30 0.31 0.25 0.25 0.26 0.30 0.31 0.25 0.25 0.26 0.58 0.59 0.25 0.25 0.26 0.58 0.59
75 0.25 0.25 0.26 0.30 0.31 0.25 0.25 0.26 0.30 0.31 0.25 0.25 0.26 0.58 0.59 0.25 0.25 0.26 0.58 0.59
80 0.25 0.25 0.26 0.30 0.31 0.25 0.25 0.26 0.30 0.31 0.25 0.25 0.26 0.58 0.59 0.25 0.25 0.26 0.58 0.59
85 0.25 0.25 0.26 0.30 0.31 0.25 0.25 0.26 0.30 0.31 0.25 0.25 0.26 0.58 0.59 0.25 0.25 0.26 0.58 0.59
90 0.25 0.25 0.26 0.30 0.31 0.25 0.25 0.26 0.30 0.31 0.25 0.25 0.26 0.58 0.59 0.25 0.25 0.26 0.58 0.59
95 0.25 0.25 0.26 0.30 0.31 0.25 0.25 0.26 0.30 0.31 0.25 0.25 0.26 0.58 0.59 0.25 0.25 0.26 0.58 0.59

C

100 0.25 0.25 0.26 0.30 0.31 0.25 0.25 0.26 0.30 0.31 0.25 0.25 0.26 0.58 0.59 0.25 0.25 0.26 0.58 0.59
5 0.25 0.25 0.26 0.30 0.31 0.25 0.25 0.26 0.30 0.31 0.25 0.25 0.26 0.30 0.31 0.25 0.25 0.26 0.30 0.31

10 0.25 0.25 0.26 0.31 0.58 0.25 0.25 0.26 0.31 0.58 0.25 0.25 0.26 0.31 0.58 0.25 0.25 0.26 0.58 0.59
15 0.25 0.25 0.26 0.30 0.58 0.25 0.25 0.26 0.31 0.58 0.25 0.25 0.26 0.58 0.59 0.25 0.25 0.26 0.58 0.59
20 0.25 0.25 0.26 0.31 0.58 0.25 0.25 0.26 0.31 0.58 0.25 0.25 0.26 0.58 0.59 0.25 0.25 0.26 0.58 0.59
25 0.25 0.25 0.26 0.31 0.58 0.25 0.25 0.26 0.31 0.58 0.25 0.25 0.26 0.58 0.59 0.25 0.25 0.26 0.58 0.59
30 0.25 0.25 0.26 0.31 0.58 0.25 0.25 0.26 0.31 0.58 0.25 0.25 0.26 0.58 0.59 0.25 0.25 0.26 0.58 0.59
35 0.25 0.25 0.26 0.30 0.58 0.25 0.25 0.26 0.31 0.58 0.25 0.25 0.26 0.58 0.59 0.25 0.25 0.26 0.58 0.59
40 0.25 0.25 0.26 0.31 0.58 0.25 0.25 0.26 0.31 0.58 0.25 0.25 0.26 0.58 0.59 0.25 0.25 0.26 0.58 0.59
45 0.25 0.25 0.26 0.30 0.58 0.25 0.25 0.26 0.31 0.58 0.25 0.25 0.26 0.58 0.59 0.25 0.25 0.26 0.58 0.59
50 0.25 0.25 0.26 0.30 0.58 0.25 0.25 0.26 0.31 0.58 0.25 0.25 0.26 0.58 0.59 0.25 0.25 0.26 0.58 0.59
55 0.25 0.25 0.26 0.31 0.58 0.25 0.25 0.26 0.31 0.58 0.25 0.25 0.26 0.58 0.59 0.25 0.25 0.26 0.58 0.59
60 0.25 0.25 0.26 0.30 0.58 0.25 0.25 0.26 0.31 0.58 0.25 0.25 0.26 0.58 0.59 0.25 0.25 0.26 0.58 0.59
65 0.25 0.25 0.26 0.31 0.58 0.25 0.25 0.26 0.31 0.58 0.25 0.25 0.26 0.58 0.59 0.25 0.25 0.26 0.58 0.59
70 0.25 0.25 0.26 0.31 0.58 0.25 0.25 0.26 0.31 0.58 0.25 0.25 0.26 0.58 0.59 0.25 0.25 0.26 0.58 0.59
75 0.25 0.25 0.26 0.31 0.58 0.25 0.25 0.26 0.31 0.58 0.25 0.25 0.26 0.58 0.59 0.25 0.25 0.26 0.58 0.59
80 0.25 0.25 0.26 0.30 0.58 0.25 0.25 0.26 0.31 0.58 0.25 0.25 0.26 0.58 0.59 0.25 0.25 0.26 0.58 0.59
85 0.25 0.25 0.26 0.31 0.58 0.25 0.25 0.26 0.31 0.58 0.25 0.25 0.26 0.58 0.59 0.25 0.25 0.26 0.58 0.59
90 0.25 0.25 0.26 0.30 0.58 0.25 0.25 0.26 0.31 0.58 0.25 0.25 0.26 0.58 0.59 0.25 0.25 0.26 0.58 0.59
95 0.25 0.25 0.26 0.31 0.58 0.25 0.25 0.26 0.31 0.58 0.25 0.25 0.26 0.58 0.59 0.25 0.25 0.26 0.58 0.59

D1

F

100 0.25 0.25 0.26 0.31 0.58 0.25 0.25 0.26 0.31 0.58 0.25 0.25 0.26 0.58 0.59 0.25 0.25 0.26 0.58 0.59
5 0.16 0.25 0.26 0.26 0.31 0.16 0.25 0.26 0.26 0.31 0.16 0.25 0.26 0.26 0.31 0.16 0.25 0.26 0.26 0.31

10 0.25 0.25 0.26 0.30 0.31 0.25 0.25 0.26 0.30 0.31 0.25 0.25 0.26 0.30 0.31 0.25 0.25 0.26 0.30 0.40
15 0.25 0.25 0.26 0.30 0.40 0.25 0.25 0.26 0.30 0.40 0.25 0.25 0.26 0.30 0.49 0.22 0.25 0.26 0.29 0.49
20 0.25 0.25 0.26 0.30 0.40 0.25 0.25 0.26 0.40 0.40 0.25 0.25 0.26 0.40 0.49 0.25 0.25 0.26 0.40 0.49
25 0.25 0.25 0.26 0.30 0.40 0.25 0.25 0.26 0.40 0.58 0.25 0.25 0.26 0.49 0.59 0.25 0.25 0.26 0.49 0.49
30 0.25 0.25 0.26 0.30 0.40 0.25 0.25 0.26 0.40 0.58 0.25 0.25 0.26 0.49 0.59 0.25 0.25 0.26 0.49 0.49
35 0.25 0.25 0.26 0.30 0.40 0.25 0.25 0.26 0.40 0.58 0.25 0.25 0.26 0.49 0.59 0.25 0.25 0.26 0.49 0.49
40 0.25 0.25 0.26 0.30 0.40 0.25 0.25 0.26 0.31 0.40 0.25 0.25 0.26 0.49 0.59 0.25 0.25 0.26 0.49 0.49
45 0.25 0.25 0.26 0.30 0.31 0.25 0.25 0.26 0.30 0.40 0.25 0.25 0.26 0.40 0.58 0.25 0.25 0.26 0.40 0.49
50 0.25 0.25 0.26 0.30 0.31 0.25 0.25 0.26 0.30 0.31 0.25 0.25 0.26 0.40 0.58 0.25 0.25 0.26 0.40 0.40
55 0.25 0.25 0.26 0.30 0.31 0.25 0.25 0.26 0.30 0.58 0.25 0.25 0.26 0.40 0.58 0.25 0.25 0.26 0.40 0.40
60 0.25 0.25 0.26 0.30 0.31 0.25 0.25 0.26 0.30 0.40 0.25 0.25 0.26 0.40 0.58 0.25 0.25 0.26 0.40 0.40
65 0.25 0.25 0.26 0.30 0.31 0.25 0.25 0.26 0.30 0.58 0.25 0.25 0.26 0.40 0.58 0.25 0.25 0.26 0.40 0.40
70 0.25 0.25 0.26 0.30 0.31 0.25 0.25 0.26 0.30 0.31 0.25 0.25 0.26 0.40 0.58 0.25 0.25 0.26 0.40 0.40
75 0.25 0.25 0.26 0.30 0.40 0.25 0.25 0.26 0.31 0.58 0.25 0.25 0.26 0.49 0.59 0.25 0.25 0.26 0.40 0.49

D2 C

80 0.25 0.25 0.26 0.30 0.40 0.25 0.25 0.26 0.40 0.40 0.25 0.25 0.26 0.49 0.59 0.25 0.25 0.26 0.49 0.49
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A2 A2' A3 B1D Pass
Mod

Yr
10th 25th Med 75th 90th 10th 25th Med 75th 90th 10th 25th Med 75th 90th 10th 25th Med 75th 90th

85 0.25 0.25 0.26 0.31 0.40 0.25 0.25 0.26 0.31 0.40 0.25 0.25 0.26 0.49 0.59 0.25 0.25 0.26 0.49 0.49
90 0.25 0.25 0.26 0.30 0.40 0.25 0.25 0.26 0.40 0.58 0.25 0.25 0.26 0.49 0.59 0.25 0.25 0.26 0.49 0.49
95 0.25 0.25 0.26 0.30 0.40 0.25 0.25 0.26 0.31 0.40 0.25 0.25 0.26 0.49 0.59 0.25 0.25 0.26 0.49 0.49

Yr

100 0.25 0.25 0.26 0.30 0.40 0.25 0.25 0.26 0.40 0.58 0.25 0.25 0.26 0.49 0.59 0.25 0.25 0.26 0.49 0.49
5 0.19 0.25 0.26 0.26 0.31 0.16 0.25 0.26 0.26 0.31 0.16 0.25 0.26 0.26 0.31 0.16 0.25 0.26 0.26 0.31

10 0.25 0.25 0.26 0.30 0.31 0.25 0.25 0.26 0.30 0.31 0.25 0.25 0.26 0.30 0.31 0.25 0.25 0.26 0.30 0.40
15 0.25 0.25 0.26 0.30 0.40 0.25 0.25 0.26 0.30 0.58 0.25 0.25 0.26 0.30 0.49 0.22 0.25 0.26 0.30 0.49
20 0.25 0.25 0.26 0.40 0.40 0.25 0.25 0.26 0.40 0.58 0.25 0.25 0.26 0.31 0.49 0.22 0.25 0.26 0.40 0.49
25 0.25 0.25 0.26 0.40 0.40 0.25 0.25 0.26 0.40 0.58 0.25 0.25 0.26 0.49 0.49 0.22 0.25 0.26 0.49 0.49
30 0.25 0.25 0.26 0.40 0.40 0.25 0.25 0.26 0.40 0.58 0.25 0.25 0.26 0.49 0.59 0.25 0.25 0.26 0.49 0.49
35 0.25 0.25 0.26 0.31 0.40 0.25 0.25 0.26 0.40 0.58 0.25 0.25 0.26 0.49 0.59 0.25 0.25 0.26 0.49 0.49
40 0.25 0.25 0.26 0.31 0.40 0.25 0.25 0.26 0.40 0.58 0.25 0.25 0.26 0.49 0.59 0.25 0.25 0.26 0.49 0.49
45 0.25 0.25 0.26 0.30 0.40 0.25 0.25 0.26 0.30 0.58 0.25 0.25 0.26 0.40 0.58 0.25 0.25 0.26 0.40 0.49
50 0.25 0.25 0.26 0.30 0.31 0.25 0.25 0.26 0.30 0.58 0.25 0.25 0.26 0.40 0.58 0.25 0.25 0.26 0.40 0.58
55 0.25 0.25 0.26 0.30 0.31 0.25 0.25 0.26 0.30 0.58 0.25 0.25 0.26 0.40 0.58 0.25 0.25 0.26 0.40 0.49
60 0.25 0.25 0.26 0.30 0.31 0.25 0.25 0.26 0.30 0.58 0.25 0.25 0.26 0.40 0.58 0.25 0.25 0.26 0.40 0.58
65 0.25 0.25 0.26 0.30 0.31 0.25 0.25 0.26 0.30 0.58 0.25 0.25 0.26 0.40 0.58 0.25 0.25 0.26 0.40 0.40
70 0.25 0.25 0.26 0.30 0.31 0.25 0.25 0.26 0.30 0.58 0.25 0.25 0.26 0.40 0.58 0.25 0.25 0.26 0.40 0.58
75 0.25 0.25 0.26 0.30 0.40 0.25 0.25 0.26 0.31 0.58 0.25 0.25 0.26 0.40 0.59 0.25 0.25 0.26 0.40 0.58
80 0.25 0.25 0.26 0.31 0.40 0.25 0.25 0.26 0.40 0.58 0.25 0.25 0.26 0.49 0.59 0.25 0.25 0.26 0.49 0.49
85 0.25 0.25 0.26 0.31 0.40 0.25 0.25 0.26 0.40 0.58 0.25 0.25 0.26 0.49 0.59 0.25 0.25 0.26 0.49 0.49
90 0.25 0.25 0.26 0.40 0.40 0.25 0.25 0.26 0.40 0.58 0.25 0.25 0.26 0.49 0.59 0.25 0.25 0.26 0.49 0.58
95 0.25 0.25 0.26 0.31 0.40 0.25 0.25 0.26 0.40 0.58 0.25 0.25 0.26 0.49 0.59 0.25 0.25 0.26 0.49 0.58

Yr

F

100 0.25 0.25 0.26 0.31 0.40 0.25 0.25 0.26 0.40 0.58 0.25 0.25 0.26 0.49 0.59 0.25 0.25 0.26 0.49 0.58
5 0.15 0.16 0.25 0.26 0.30 0.15 0.16 0.25 0.26 0.30 0.15 0.16 0.25 0.26 0.30 0.15 0.16 0.25 0.26 0.30

10 0.15 0.16 0.25 0.26 0.31 0.15 0.16 0.25 0.26 0.31 0.15 0.25 0.25 0.26 0.31 0.25 0.25 0.26 0.31 0.58
15 0.15 0.16 0.25 0.26 0.30 0.15 0.16 0.25 0.26 0.30 0.25 0.25 0.26 0.30 0.58 0.25 0.25 0.26 0.58 0.59
20 0.15 0.16 0.25 0.26 0.31 0.15 0.16 0.25 0.26 0.30 0.25 0.25 0.26 0.58 0.59 0.25 0.25 0.26 0.58 0.59
25 0.15 0.16 0.25 0.26 0.30 0.15 0.16 0.25 0.26 0.30 0.25 0.25 0.26 0.58 0.59 0.25 0.25 0.26 0.58 0.59
30 0.15 0.16 0.25 0.26 0.30 0.15 0.16 0.25 0.26 0.30 0.25 0.25 0.26 0.58 0.59 0.25 0.25 0.26 0.58 0.59
35 0.15 0.16 0.25 0.26 0.31 0.15 0.16 0.25 0.26 0.30 0.25 0.25 0.26 0.58 0.59 0.25 0.25 0.26 0.58 0.59
40 0.15 0.16 0.25 0.26 0.31 0.15 0.16 0.25 0.26 0.30 0.25 0.25 0.26 0.58 0.59 0.25 0.25 0.26 0.58 0.59
45 0.15 0.16 0.25 0.26 0.31 0.15 0.16 0.25 0.26 0.31 0.25 0.25 0.26 0.58 0.59 0.25 0.25 0.26 0.58 0.59
50 0.15 0.16 0.25 0.26 0.31 0.15 0.16 0.25 0.26 0.30 0.25 0.25 0.26 0.58 0.59 0.25 0.25 0.26 0.58 0.59
55 0.15 0.16 0.25 0.26 0.31 0.15 0.16 0.25 0.26 0.31 0.25 0.25 0.26 0.58 0.59 0.25 0.25 0.26 0.58 0.59
60 0.15 0.16 0.25 0.26 0.31 0.15 0.16 0.25 0.26 0.30 0.25 0.25 0.26 0.58 0.59 0.25 0.25 0.26 0.58 0.59
65 0.15 0.16 0.25 0.26 0.31 0.15 0.16 0.25 0.26 0.30 0.25 0.25 0.26 0.58 0.59 0.25 0.25 0.26 0.58 0.59
70 0.15 0.16 0.25 0.26 0.31 0.15 0.16 0.25 0.26 0.30 0.25 0.25 0.26 0.58 0.59 0.25 0.25 0.26 0.58 0.59
75 0.15 0.16 0.25 0.26 0.31 0.15 0.16 0.25 0.26 0.31 0.25 0.25 0.26 0.58 0.59 0.25 0.25 0.26 0.58 0.59
80 0.15 0.16 0.25 0.26 0.31 0.15 0.16 0.25 0.26 0.31 0.25 0.25 0.26 0.58 0.59 0.25 0.25 0.26 0.58 0.59
85 0.15 0.16 0.25 0.26 0.31 0.15 0.16 0.25 0.26 0.30 0.25 0.25 0.26 0.58 0.59 0.25 0.25 0.26 0.58 0.59
90 0.15 0.16 0.25 0.26 0.31 0.15 0.16 0.25 0.26 0.30 0.25 0.25 0.26 0.58 0.59 0.25 0.25 0.26 0.58 0.59
95 0.15 0.16 0.25 0.26 0.31 0.15 0.16 0.25 0.26 0.30 0.25 0.25 0.26 0.58 0.59 0.25 0.25 0.26 0.58 0.59

C

100 0.15 0.16 0.25 0.26 0.31 0.15 0.16 0.25 0.26 0.30 0.25 0.25 0.26 0.58 0.59 0.25 0.25 0.26 0.58 0.59
5 0.16 0.25 0.26 0.26 0.30 0.16 0.25 0.26 0.26 0.30 0.16 0.25 0.26 0.26 0.31 0.16 0.25 0.26 0.26 0.30

10 0.25 0.25 0.26 0.30 0.31 0.16 0.25 0.26 0.30 0.31 0.16 0.25 0.26 0.30 0.31 0.25 0.25 0.26 0.58 0.59
15 0.16 0.25 0.26 0.26 0.31 0.16 0.25 0.26 0.26 0.31 0.25 0.25 0.26 0.31 0.59 0.25 0.25 0.26 0.58 0.59
20 0.16 0.25 0.26 0.30 0.31 0.16 0.25 0.26 0.26 0.31 0.25 0.25 0.26 0.58 0.59 0.25 0.25 0.26 0.58 0.59
25 0.16 0.25 0.26 0.26 0.31 0.16 0.25 0.26 0.26 0.31 0.25 0.25 0.26 0.58 0.59 0.25 0.25 0.26 0.58 0.59
30 0.16 0.25 0.26 0.26 0.31 0.16 0.25 0.26 0.26 0.31 0.25 0.25 0.26 0.58 0.59 0.25 0.25 0.26 0.58 0.59
35 0.16 0.25 0.26 0.26 0.31 0.16 0.25 0.26 0.26 0.31 0.25 0.25 0.26 0.58 0.59 0.25 0.25 0.26 0.58 0.59
40 0.16 0.25 0.26 0.26 0.31 0.16 0.25 0.26 0.26 0.31 0.25 0.25 0.26 0.58 0.59 0.25 0.25 0.26 0.58 0.59
45 0.16 0.25 0.26 0.26 0.31 0.16 0.25 0.26 0.26 0.31 0.25 0.25 0.26 0.58 0.59 0.25 0.25 0.26 0.58 0.59
50 0.16 0.25 0.26 0.26 0.31 0.16 0.25 0.26 0.26 0.31 0.25 0.25 0.26 0.58 0.59 0.25 0.25 0.26 0.58 0.59
55 0.16 0.25 0.26 0.30 0.31 0.15 0.25 0.26 0.26 0.31 0.25 0.25 0.26 0.58 0.59 0.25 0.25 0.26 0.58 0.59
60 0.16 0.25 0.26 0.26 0.31 0.16 0.25 0.26 0.26 0.31 0.25 0.25 0.26 0.58 0.59 0.25 0.25 0.26 0.58 0.59
65 0.16 0.25 0.26 0.26 0.31 0.16 0.25 0.26 0.26 0.31 0.25 0.25 0.26 0.58 0.59 0.25 0.25 0.26 0.58 0.59

D3

F

70 0.16 0.25 0.26 0.26 0.31 0.16 0.25 0.26 0.26 0.31 0.25 0.25 0.26 0.58 0.59 0.25 0.25 0.26 0.58 0.59
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A2 A2' A3 B1D Pass
Mod

Yr
10th 25th Med 75th 90th 10th 25th Med 75th 90th 10th 25th Med 75th 90th 10th 25th Med 75th 90th

75 0.16 0.25 0.26 0.30 0.31 0.16 0.25 0.26 0.26 0.31 0.25 0.25 0.26 0.58 0.59 0.25 0.25 0.26 0.58 0.59
80 0.16 0.25 0.26 0.26 0.31 0.15 0.25 0.26 0.26 0.31 0.25 0.25 0.26 0.58 0.59 0.25 0.25 0.26 0.58 0.59
85 0.16 0.25 0.26 0.30 0.31 0.15 0.25 0.26 0.26 0.31 0.25 0.25 0.26 0.58 0.59 0.25 0.25 0.26 0.58 0.59
90 0.16 0.25 0.26 0.26 0.31 0.16 0.25 0.26 0.26 0.31 0.25 0.25 0.26 0.58 0.59 0.25 0.25 0.26 0.58 0.59
95 0.16 0.25 0.26 0.26 0.31 0.16 0.25 0.26 0.26 0.31 0.25 0.25 0.26 0.58 0.59 0.25 0.25 0.26 0.58 0.59

YrYr

100 0.16 0.25 0.26 0.26 0.31 0.16 0.25 0.26 0.26 0.31 0.25 0.25 0.26 0.58 0.59 0.25 0.25 0.26 0.58 0.59
5 0.16 0.25 0.26 0.26 0.30 0.16 0.25 0.26 0.26 0.30 0.16 0.25 0.25 0.26 0.30 0.16 0.25 0.26 0.26 0.30

10 0.16 0.25 0.26 0.26 0.31 0.16 0.25 0.26 0.26 0.31 0.16 0.25 0.26 0.26 0.31 0.25 0.25 0.26 0.30 0.40
15 0.16 0.25 0.26 0.26 0.30 0.16 0.25 0.26 0.26 0.30 0.25 0.25 0.26 0.30 0.49 0.25 0.25 0.26 0.49 0.59
20 0.19 0.25 0.26 0.27 0.31 0.19 0.25 0.26 0.27 0.31 0.25 0.25 0.26 0.58 0.59 0.25 0.25 0.26 0.58 0.59
25 0.19 0.25 0.26 0.27 0.31 0.19 0.25 0.26 0.27 0.31 0.25 0.25 0.26 0.58 0.59 0.25 0.25 0.26 0.58 0.59
30 0.19 0.25 0.26 0.27 0.31 0.19 0.25 0.26 0.27 0.31 0.25 0.25 0.26 0.58 0.59 0.25 0.25 0.26 0.58 0.59
35 0.19 0.25 0.26 0.27 0.31 0.19 0.25 0.26 0.27 0.31 0.25 0.25 0.26 0.58 0.59 0.25 0.25 0.26 0.58 0.59
40 0.19 0.25 0.26 0.27 0.31 0.19 0.25 0.26 0.27 0.31 0.25 0.25 0.26 0.58 0.59 0.25 0.25 0.26 0.58 0.59
45 0.19 0.25 0.26 0.27 0.31 0.19 0.25 0.26 0.27 0.31 0.25 0.25 0.26 0.58 0.59 0.25 0.25 0.26 0.58 0.59
50 0.19 0.25 0.26 0.26 0.31 0.19 0.25 0.26 0.27 0.31 0.25 0.25 0.26 0.58 0.59 0.25 0.25 0.26 0.58 0.59
55 0.16 0.25 0.26 0.26 0.31 0.19 0.25 0.26 0.26 0.31 0.25 0.25 0.26 0.58 0.59 0.25 0.25 0.26 0.58 0.59
60 0.16 0.25 0.26 0.26 0.31 0.16 0.25 0.26 0.26 0.31 0.25 0.25 0.26 0.58 0.59 0.25 0.25 0.26 0.58 0.59
65 0.16 0.25 0.26 0.26 0.31 0.16 0.25 0.26 0.26 0.31 0.25 0.25 0.26 0.58 0.59 0.25 0.25 0.26 0.58 0.59
70 0.16 0.25 0.26 0.26 0.31 0.16 0.25 0.26 0.26 0.31 0.25 0.25 0.26 0.58 0.59 0.25 0.25 0.26 0.58 0.59
75 0.19 0.25 0.26 0.26 0.31 0.19 0.25 0.26 0.27 0.31 0.25 0.25 0.26 0.58 0.59 0.25 0.25 0.26 0.58 0.59
80 0.19 0.25 0.26 0.27 0.31 0.19 0.25 0.26 0.27 0.31 0.25 0.25 0.26 0.58 0.59 0.25 0.25 0.26 0.58 0.59
85 0.19 0.25 0.26 0.27 0.31 0.19 0.25 0.26 0.27 0.31 0.25 0.25 0.26 0.58 0.59 0.25 0.25 0.26 0.58 0.59
90 0.19 0.25 0.26 0.27 0.31 0.19 0.25 0.26 0.27 0.31 0.25 0.25 0.26 0.58 0.59 0.25 0.25 0.26 0.58 0.59
95 0.19 0.25 0.26 0.27 0.31 0.19 0.25 0.26 0.27 0.31 0.25 0.25 0.26 0.58 0.59 0.25 0.25 0.26 0.58 0.59

C

100 0.19 0.25 0.26 0.27 0.31 0.19 0.25 0.26 0.27 0.31 0.25 0.25 0.26 0.58 0.59 0.25 0.25 0.26 0.58 0.59
5 0.25 0.25 0.26 0.26 0.31 0.25 0.25 0.26 0.26 0.31 0.25 0.25 0.26 0.26 0.31 0.19 0.25 0.26 0.26 0.31

10 0.25 0.25 0.26 0.30 0.31 0.25 0.25 0.26 0.30 0.31 0.25 0.25 0.26 0.30 0.31 0.25 0.25 0.26 0.40 0.59
15 0.25 0.25 0.26 0.27 0.31 0.25 0.25 0.26 0.30 0.31 0.25 0.25 0.26 0.31 0.59 0.25 0.25 0.26 0.58 0.59
20 0.25 0.25 0.26 0.30 0.31 0.25 0.25 0.26 0.30 0.31 0.25 0.25 0.26 0.58 0.59 0.25 0.25 0.26 0.58 0.59
25 0.25 0.25 0.26 0.30 0.31 0.25 0.25 0.26 0.30 0.31 0.25 0.25 0.26 0.58 0.59 0.25 0.25 0.26 0.58 0.59
30 0.25 0.25 0.26 0.30 0.31 0.25 0.25 0.26 0.30 0.31 0.25 0.25 0.26 0.58 0.59 0.25 0.25 0.26 0.58 0.59
35 0.25 0.25 0.26 0.30 0.31 0.25 0.25 0.26 0.30 0.31 0.25 0.25 0.26 0.58 0.59 0.25 0.25 0.26 0.58 0.59
40 0.25 0.25 0.26 0.30 0.31 0.25 0.25 0.26 0.30 0.31 0.25 0.25 0.26 0.58 0.59 0.25 0.25 0.26 0.58 0.59
45 0.25 0.25 0.26 0.30 0.31 0.25 0.25 0.26 0.30 0.31 0.25 0.25 0.26 0.58 0.59 0.25 0.25 0.26 0.58 0.59
50 0.25 0.25 0.26 0.30 0.31 0.25 0.25 0.26 0.30 0.31 0.25 0.25 0.26 0.58 0.59 0.25 0.25 0.26 0.58 0.59
55 0.25 0.25 0.26 0.30 0.31 0.25 0.25 0.26 0.30 0.31 0.25 0.25 0.26 0.58 0.59 0.25 0.25 0.26 0.58 0.59
60 0.25 0.25 0.26 0.30 0.31 0.25 0.25 0.26 0.30 0.31 0.25 0.25 0.26 0.58 0.59 0.25 0.25 0.26 0.58 0.59
65 0.25 0.25 0.26 0.30 0.31 0.25 0.25 0.26 0.30 0.31 0.25 0.25 0.26 0.58 0.59 0.25 0.25 0.26 0.58 0.59
70 0.25 0.25 0.26 0.30 0.31 0.25 0.25 0.26 0.30 0.31 0.25 0.25 0.26 0.58 0.59 0.25 0.25 0.26 0.58 0.59
75 0.25 0.25 0.26 0.30 0.31 0.25 0.25 0.26 0.30 0.31 0.25 0.25 0.26 0.58 0.59 0.25 0.25 0.26 0.58 0.59
80 0.25 0.25 0.26 0.30 0.31 0.25 0.25 0.26 0.30 0.31 0.25 0.25 0.26 0.58 0.59 0.25 0.25 0.26 0.58 0.59
85 0.25 0.25 0.26 0.30 0.31 0.25 0.25 0.26 0.30 0.31 0.25 0.25 0.26 0.58 0.59 0.25 0.25 0.26 0.58 0.59
90 0.25 0.25 0.26 0.30 0.31 0.25 0.25 0.26 0.30 0.31 0.25 0.25 0.26 0.58 0.59 0.25 0.25 0.26 0.58 0.59
95 0.25 0.25 0.26 0.30 0.31 0.25 0.25 0.26 0.30 0.31 0.25 0.25 0.26 0.58 0.59 0.25 0.25 0.26 0.58 0.59

D4

F

100 0.25 0.25 0.26 0.30 0.31 0.25 0.25 0.26 0.30 0.31 0.25 0.25 0.26 0.58 0.59 0.25 0.25 0.26 0.58 0.59
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Table D.1-3: Projected distributions of fall chinook ocean harvest rates.

A2 A2' A3 B1D Pass
Mod

Yr
10th 25th Med 75th 90th 10th 25th Med 75th 90th 10th 25th Med 75th 90th 10th 25th Med 75th 90th

5 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.21 0.29 0.34 0.37 0.42
10 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.41 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42
15 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.38 0.42 0.22 0.29 0.34 0.37 0.41 0.22 0.29 0.34 0.37 0.42
20 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.41
25 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.41
30 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42
35 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.41 0.21 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42
40 0.21 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.41 0.22 0.29 0.34 0.37 0.42
45 0.22 0.29 0.34 0.37 0.41 0.21 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42
50 0.21 0.29 0.34 0.37 0.41 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.33 0.37 0.41 0.21 0.29 0.34 0.37 0.42
55 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.41
60 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.41
65 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42
70 0.22 0.29 0.34 0.37 0.42 0.21 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42
75 0.22 0.29 0.34 0.37 0.42 0.21 0.29 0.34 0.37 0.41 0.21 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42
80 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.41
85 0.22 0.29 0.34 0.37 0.41 0.22 0.29 0.34 0.37 0.41 0.22 0.29 0.34 0.37 0.41 0.22 0.29 0.34 0.37 0.42
90 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.41 0.22 0.29 0.34 0.37 0.41 0.22 0.29 0.34 0.37 0.42
95 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.41 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42

C

100 0.22 0.30 0.35 0.38 0.41 0.22 0.30 0.35 0.38 0.41 0.22 0.30 0.35 0.38 0.41 0.22 0.30 0.35 0.38 0.41
5 0.22 0.29 0.34 0.37 0.41 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.41

10 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.41
15 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.41 0.22 0.29 0.34 0.37 0.42
20 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.21 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42
25 0.21 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.41
30 0.21 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.41 0.22 0.29 0.34 0.37 0.42
35 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42
40 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.41 0.21 0.29 0.34 0.37 0.41 0.22 0.29 0.34 0.37 0.42
45 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.41 0.21 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42
50 0.22 0.29 0.34 0.38 0.42 0.22 0.29 0.34 0.37 0.41 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42
55 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.41 0.22 0.29 0.34 0.37 0.42 0.21 0.29 0.34 0.37 0.42
60 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.41 0.22 0.29 0.34 0.37 0.42
65 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.21 0.29 0.34 0.37 0.41 0.22 0.29 0.34 0.37 0.42
70 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42
75 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42
80 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.41 0.22 0.29 0.34 0.37 0.42 0.21 0.29 0.34 0.37 0.42
85 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42
90 0.22 0.29 0.34 0.38 0.42 0.21 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42
95 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.21 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.41

D1

F

100 0.22 0.30 0.35 0.38 0.41 0.22 0.30 0.35 0.38 0.41 0.22 0.30 0.35 0.38 0.41 0.22 0.30 0.35 0.38 0.41
5 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.21 0.29 0.34 0.37 0.42

10 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.41 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42
15 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.38 0.42 0.22 0.29 0.34 0.37 0.41 0.22 0.29 0.34 0.37 0.42
20 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.41
25 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.41
30 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42
35 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.41 0.21 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42
40 0.21 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.41 0.22 0.29 0.34 0.37 0.42
45 0.22 0.29 0.34 0.37 0.41 0.21 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42
50 0.21 0.29 0.34 0.37 0.41 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.33 0.37 0.41 0.21 0.29 0.34 0.37 0.42
55 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.41
60 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.41
65 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42
70 0.22 0.29 0.34 0.37 0.42 0.21 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42
75 0.22 0.29 0.34 0.37 0.42 0.21 0.29 0.34 0.37 0.41 0.21 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42

D2 C

80 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.41
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A2 A2' A3 B1D Pass
Mod

Yr
10th 25th Med 75th 90th 10th 25th Med 75th 90th 10th 25th Med 75th 90th 10th 25th Med 75th 90th

85 0.22 0.29 0.34 0.37 0.41 0.22 0.29 0.34 0.37 0.41 0.22 0.29 0.34 0.37 0.41 0.22 0.29 0.34 0.37 0.42
90 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.41 0.22 0.29 0.34 0.37 0.41 0.22 0.29 0.34 0.37 0.42
95 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.41 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42

Yr

100 0.22 0.30 0.35 0.38 0.41 0.22 0.30 0.35 0.38 0.41 0.22 0.30 0.35 0.38 0.41 0.22 0.30 0.35 0.38 0.41
5 0.22 0.29 0.34 0.37 0.41 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.41

10 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.41
15 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.41 0.22 0.29 0.34 0.37 0.42
20 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.21 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42
25 0.21 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.41
30 0.21 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.41 0.22 0.29 0.34 0.37 0.42
35 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42
40 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.41 0.21 0.29 0.34 0.37 0.41 0.22 0.29 0.34 0.37 0.42
45 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.41 0.21 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42
50 0.22 0.29 0.34 0.38 0.42 0.22 0.29 0.34 0.37 0.41 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42
55 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.41 0.22 0.29 0.34 0.37 0.42 0.21 0.29 0.34 0.37 0.42
60 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.41 0.22 0.29 0.34 0.37 0.42
65 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.21 0.29 0.34 0.37 0.41 0.22 0.29 0.34 0.37 0.42
70 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42
75 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42
80 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.41 0.22 0.29 0.34 0.37 0.42 0.21 0.29 0.34 0.37 0.42
85 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42
90 0.22 0.29 0.34 0.38 0.42 0.21 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42
95 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.21 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.41

Yr

F

100 0.22 0.30 0.35 0.38 0.41 0.22 0.30 0.35 0.38 0.41 0.22 0.30 0.35 0.38 0.41 0.22 0.30 0.35 0.38 0.41
5 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.21 0.29 0.34 0.37 0.42

10 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.41 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42
15 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.38 0.42 0.22 0.29 0.34 0.37 0.41 0.22 0.29 0.34 0.37 0.42
20 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.41
25 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.41
30 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42
35 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.41 0.21 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42
40 0.21 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.41 0.22 0.29 0.34 0.37 0.42
45 0.22 0.29 0.34 0.37 0.41 0.21 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42
50 0.21 0.29 0.34 0.37 0.41 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.33 0.37 0.41 0.21 0.29 0.34 0.37 0.42
55 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.41
60 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.41
65 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42
70 0.22 0.29 0.34 0.37 0.42 0.21 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42
75 0.22 0.29 0.34 0.37 0.42 0.21 0.29 0.34 0.37 0.41 0.21 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42
80 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.41
85 0.22 0.29 0.34 0.37 0.41 0.22 0.29 0.34 0.37 0.41 0.22 0.29 0.34 0.37 0.41 0.22 0.29 0.34 0.37 0.42
90 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.41 0.22 0.29 0.34 0.37 0.41 0.22 0.29 0.34 0.37 0.42
95 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.41 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42

C

100 0.22 0.30 0.35 0.38 0.41 0.22 0.30 0.35 0.38 0.41 0.22 0.30 0.35 0.38 0.41 0.22 0.30 0.35 0.38 0.41
5 0.22 0.29 0.34 0.37 0.41 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.41

10 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.41
15 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.41 0.22 0.29 0.34 0.37 0.42
20 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.21 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42
25 0.21 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.41
30 0.21 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.41 0.22 0.29 0.34 0.37 0.42
35 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42
40 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.41 0.21 0.29 0.34 0.37 0.41 0.22 0.29 0.34 0.37 0.42
45 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.41 0.21 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42
50 0.22 0.29 0.34 0.38 0.42 0.22 0.29 0.34 0.37 0.41 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42
55 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.41 0.22 0.29 0.34 0.37 0.42 0.21 0.29 0.34 0.37 0.42
60 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.41 0.22 0.29 0.34 0.37 0.42
65 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.21 0.29 0.34 0.37 0.41 0.22 0.29 0.34 0.37 0.42

D3

F

70 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42
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A2 A2' A3 B1D Pass
Mod

Yr
10th 25th Med 75th 90th 10th 25th Med 75th 90th 10th 25th Med 75th 90th 10th 25th Med 75th 90th

75 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42
80 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.41 0.22 0.29 0.34 0.37 0.42 0.21 0.29 0.34 0.37 0.42
85 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42
90 0.22 0.29 0.34 0.38 0.42 0.21 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42
95 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.21 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.41

YrYr

100 0.22 0.30 0.35 0.38 0.41 0.22 0.30 0.35 0.38 0.41 0.22 0.30 0.35 0.38 0.41 0.22 0.30 0.35 0.38 0.41
5 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.21 0.29 0.34 0.37 0.42

10 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.41 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42
15 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.38 0.42 0.22 0.29 0.34 0.37 0.41 0.22 0.29 0.34 0.37 0.42
20 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.41
25 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.41
30 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42
35 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.41 0.21 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42
40 0.21 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.41 0.22 0.29 0.34 0.37 0.42
45 0.22 0.29 0.34 0.37 0.41 0.21 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42
50 0.21 0.29 0.34 0.37 0.41 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.33 0.37 0.41 0.21 0.29 0.34 0.37 0.42
55 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.41
60 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.41
65 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42
70 0.22 0.29 0.34 0.37 0.42 0.21 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42
75 0.22 0.29 0.34 0.37 0.42 0.21 0.29 0.34 0.37 0.41 0.21 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42
80 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.41
85 0.22 0.29 0.34 0.37 0.41 0.22 0.29 0.34 0.37 0.41 0.22 0.29 0.34 0.37 0.41 0.22 0.29 0.34 0.37 0.42
90 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.41 0.22 0.29 0.34 0.37 0.41 0.22 0.29 0.34 0.37 0.42
95 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.41 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42

C

100 0.22 0.30 0.35 0.38 0.41 0.22 0.30 0.35 0.38 0.41 0.22 0.30 0.35 0.38 0.41 0.22 0.30 0.35 0.38 0.41
5 0.22 0.29 0.34 0.37 0.41 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.41

10 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.41
15 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.41 0.22 0.29 0.34 0.37 0.42
20 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.21 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42
25 0.21 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.41
30 0.21 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.41 0.22 0.29 0.34 0.37 0.42
35 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42
40 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.41 0.21 0.29 0.34 0.37 0.41 0.22 0.29 0.34 0.37 0.42
45 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.41 0.21 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42
50 0.22 0.29 0.34 0.38 0.42 0.22 0.29 0.34 0.37 0.41 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42
55 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.41 0.22 0.29 0.34 0.37 0.42 0.21 0.29 0.34 0.37 0.42
60 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.41 0.22 0.29 0.34 0.37 0.42
65 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.21 0.29 0.34 0.37 0.41 0.22 0.29 0.34 0.37 0.42
70 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42
75 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42
80 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.41 0.22 0.29 0.34 0.37 0.42 0.21 0.29 0.34 0.37 0.42
85 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42
90 0.22 0.29 0.34 0.38 0.42 0.21 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42
95 0.22 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.42 0.21 0.29 0.34 0.37 0.42 0.22 0.29 0.34 0.37 0.41

D4

F

100 0.22 0.30 0.35 0.38 0.41 0.22 0.30 0.35 0.38 0.41 0.22 0.30 0.35 0.38 0.41 0.22 0.30 0.35 0.38 0.41
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Table D.1-4: Projected distributions of fall chinook in-river catch.

A2 A2' A3 B1D Pass
Mod

Yr
10th 25th Med 75th 90th 10th 25th Med 75th 90th 10th 25th Med 75th 90th 10th 25th Med 75th 90th

5 463 736 1189 1905 2951 458 726 1206 1944 2968 449 728 1182 1896 2911 493 795 1266 2018 3224
10 796 1277 2115 3384 5197 810 1336 2205 3635 5727 770 1274 2090 3394 5213 1988 3143 6180 11107 17889
15 996 1656 2692 4175 6333 1131 1837 2978 4610 7158 2141 3379 6303 10956 18645 3753 6164 10439 18227 28959
20 1158 1873 2976 4574 7199 1351 2104 3314 5111 8943 3834 6237 10809 18334 28895 3877 6476 11293 19498 32499
25 1230 1947 3047 4674 7224 1427 2236 3497 5345 10226 4567 7805 13482 23779 38937 4690 7645 13254 22867 38144
30 1254 1993 3082 4743 7708 1424 2226 3457 5264 9897 4457 7384 12862 22884 38137 4313 7274 12696 22002 36108
35 1308 2021 3106 4746 7585 1472 2270 3503 5332 9384 4375 7411 12799 23102 38570 4482 7264 12561 22171 35552
40 1263 1982 3070 4654 7447 1461 2230 3432 5229 9740 4573 7443 12788 22404 37602 4232 7142 12373 22103 36775
45 1253 1995 3097 4812 7460 1488 2241 3522 5358 10776 4178 7303 12913 23016 39493 4592 7442 12861 22133 35996
50 1313 2015 3125 4785 7872 1430 2230 3453 5278 9829 4480 7359 12955 23319 38858 4596 7508 12743 22057 36756
55 1273 2017 3147 4840 7615 1524 2333 3535 5343 10301 4371 7390 12884 22304 37868 4583 7487 13048 22875 37073
60 1320 2024 3131 4751 7741 1469 2261 3482 5276 10446 4535 7502 12651 22683 37033 4414 7089 12251 21745 37304
65 1269 1977 3082 4715 7267 1500 2284 3553 5427 9762 4513 7612 13323 23700 38648 4572 7345 12922 22212 35836
70 1249 1982 3094 4640 7110 1458 2241 3530 5262 10331 4375 7400 12904 22713 38177 4629 7433 12761 22373 37160
75 1252 1973 3084 4716 7263 1457 2244 3543 5376 10685 4378 7463 13202 23647 38951 4639 7661 13139 22460 36669
80 1277 1975 3103 4778 7807 1518 2338 3548 5333 9611 4563 7507 13117 23361 38208 4468 7431 12694 22459 36717
85 1309 2029 3142 4887 7967 1464 2229 3496 5262 9211 4340 7624 12879 22912 37431 4275 7180 12503 21859 36137
90 1311 2003 3076 4659 7353 1435 2276 3493 5283 10184 4500 7304 12780 23082 38260 4525 7360 12563 22218 38344
95 1260 2001 3087 4750 7195 1498 2275 3496 5290 9593 4587 7565 13099 22845 38862 4522 7389 12796 22157 36201

C

100 1269 1986 3130 4784 7850 1505 2298 3521 5400 11324 4497 7682 13357 23168 40243 4551 7547 13054 22186 36596
5 924 1455 2348 3858 5944 891 1409 2295 3719 5758 918 1436 2381 3853 5913 1019 1603 2637 4241 6394

10 1761 2780 4388 6767 15563 1808 2809 4480 7165 15783 1686 2734 4310 6602 15204 3534 6073 10363 17853 28735
15 2043 3148 4758 7728 15746 2282 3411 5212 9483 17849 2622 4560 8136 13942 22768 4778 7806 13784 24053 39596
20 2138 3266 4975 8646 17129 2423 3587 5331 9657 18017 4066 6856 11765 20792 35286 4382 7301 12698 22912 38578
25 2179 3300 5003 8131 16864 2367 3562 5440 9985 18434 4652 7975 14098 25034 40096 5669 9404 16492 28676 47242
30 2173 3253 4862 7939 16547 2460 3528 5366 9802 17970 4367 7602 13251 24382 39874 4846 8682 15686 27865 46401
35 2148 3200 4807 7645 15625 2418 3559 5428 10009 18407 4408 7512 13462 23780 38756 4941 8523 15305 27666 46749
40 2173 3220 4872 8018 16883 2412 3635 5368 9757 17499 4308 7547 13858 24144 39670 4878 8405 15241 27545 45185
45 2215 3232 4922 7996 16365 2479 3615 5373 9853 18348 4522 7647 13379 23780 39171 4963 8965 16110 28375 46578
50 2201 3230 4836 7897 15988 2465 3637 5556 10175 18710 4334 7544 13001 23499 38993 4980 8579 15492 27735 46021
55 2112 3158 4815 7743 16518 2367 3538 5299 9330 17559 4440 7870 13685 24343 40360 5136 8897 15524 27183 46142
60 2137 3197 4862 7706 16114 2462 3663 5471 9816 17855 4187 7430 13044 23551 38747 4832 8597 15546 28119 46961
65 2095 3154 4820 7897 16299 2399 3582 5395 9647 18137 4410 7641 13588 23914 39758 5199 8878 15570 27521 45875
70 2143 3242 4864 8113 16420 2400 3593 5289 9479 17946 4440 7684 13247 23969 39924 5088 8748 15889 28413 48166
75 2132 3194 4811 7785 16191 2455 3591 5385 10013 18148 4374 7563 13353 23484 38369 5076 8879 15684 27982 45430
80 2152 3237 4894 7867 16422 2413 3607 5392 9557 17692 4318 7439 13345 23629 39864 5076 8783 15371 27397 46257
85 2173 3216 4813 7627 15976 2334 3660 5472 9788 17932 4447 7639 13343 23967 40053 5039 8614 15638 27569 46919
90 2115 3189 4813 7803 16074 2474 3635 5446 9825 18347 4544 7795 13641 23841 39340 4985 8656 15186 26870 44727
95 2125 3206 4816 7895 16194 2395 3567 5412 9629 17998 4505 7709 13395 23643 38511 4915 8775 15379 27558 47444

D1

F

100 2116 3166 4848 7803 15974 2397 3558 5442 9597 18560 4425 7746 13702 23840 39284 5073 8675 15481 28531 47615
5 259 510 1032 1991 3748 259 476 1010 1990 3665 252 477 1014 1995 3881 235 423 912 1876 3493

10 337 756 1689 3575 7042 348 814 1839 3947 8543 346 769 1691 3552 7379 311 627 1333 2854 6440
15 625 1322 2864 6018 12983 783 1671 3495 7797 17205 540 1080 2076 4574 9119 552 1059 2133 4784 9716
20 994 1950 3760 8341 17154 1269 2351 4705 9864 20545 993 1708 3220 6800 12724 889 1515 2864 6566 12525
25 1130 2079 3967 8369 16405 1316 2483 5030 10348 21629 1401 2327 4960 9419 17645 1154 1898 4096 8027 14927
30 1144 2108 3999 8567 17709 1337 2490 4844 10159 21307 1416 2351 4991 9549 17619 1131 1908 4108 8249 15167
35 1143 2119 4009 8546 16675 1351 2483 4956 10186 20294 1439 2391 5073 9622 17800 1172 1954 4039 8144 14960
40 1127 2102 3936 8450 16922 1388 2487 4860 9950 21466 1407 2380 5027 9613 17784 1149 1905 4032 8013 14624
45 611 1323 2751 5308 13052 818 1631 3294 6317 16162 1019 1719 3589 7753 15558 839 1421 2918 5837 12306
50 558 1232 2632 5176 12400 741 1538 3116 6113 15193 1002 1736 3619 7229 14327 749 1325 2794 5566 11497
55 488 1233 2650 5149 13066 725 1575 3254 6197 15741 977 1713 3550 7035 13910 741 1316 2865 5639 11644
60 478 1176 2563 5100 12356 703 1525 3200 6148 15528 968 1693 3522 7171 13919 721 1286 2714 5371 11206
65 458 1110 2512 4971 11971 700 1546 3227 6347 16054 964 1703 3632 7462 14255 702 1261 2732 5363 11533
70 422 1082 2476 4831 11732 679 1518 3154 6079 15047 983 1693 3515 7194 14407 716 1266 2728 5447 11437
75 745 1631 3407 7082 15438 1108 2258 4394 9487 20101 1304 2240 4687 9302 16562 869 1578 3327 7027 13440

D2 C

80 1062 2041 3936 8502 18155 1391 2563 4912 10036 20751 1448 2377 5023 9687 18178 1104 1853 3861 7777 15035
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A2 A2' A3 B1D Pass
Mod

Yr
10th 25th Med 75th 90th 10th 25th Med 75th 90th 10th 25th Med 75th 90th 10th 25th Med 75th 90th

85 1124 2133 4089 8803 18646 1380 2551 4872 9920 20263 1435 2369 5083 9741 18352 1176 1934 3955 7905 15287
90 1085 2107 3949 8458 17402 1404 2538 4904 10005 21242 1447 2406 5006 9702 17838 1232 1991 4099 8118 15722
95 1124 2067 3988 8566 16712 1393 2462 4795 9865 20533 1466 2406 4962 9898 18151 1186 1946 4055 8225 14903

Yr

100 1126 2131 4057 8659 17902 1417 2545 5058 10299 21628 1507 2484 5205 9708 18302 1200 1971 4196 8152 15329
5 288 547 1135 2333 4433 272 514 1099 2284 4338 277 543 1161 2341 4537 241 461 1001 2042 4076

10 403 897 1944 4172 10465 408 911 2094 4566 12306 356 858 1948 4191 9972 324 658 1369 3160 6788
15 773 1639 3416 7533 15849 939 1991 4318 9772 21553 523 1062 2100 4857 9677 636 1171 2337 5476 10648
20 1175 2235 4446 9501 20355 1419 2641 5503 11137 23631 925 1614 3129 6863 12905 965 1600 3111 6925 13056
25 1195 2278 4540 9520 19891 1425 2722 5565 11281 24008 1280 2150 4567 8636 16576 1282 2152 4718 9164 17582
30 1214 2246 4469 9505 19448 1500 2736 5515 11295 23811 1291 2136 4700 9330 17784 1291 2227 4919 9633 17823
35 1180 2218 4357 9384 19149 1433 2715 5544 11276 23694 1314 2169 4868 9277 17212 1290 2184 4927 9664 18952
40 1195 2238 4416 9517 19801 1487 2742 5510 11334 23418 1373 2270 4941 9432 17727 1326 2257 5014 9474 18198
45 685 1430 2899 5508 14652 892 1750 3559 6700 17815 953 1654 3502 6861 14002 918 1609 3521 7082 14262
50 607 1330 2748 5387 13535 846 1739 3591 6908 17112 858 1521 3221 6354 13190 806 1447 3270 6399 13927
55 543 1285 2718 5305 14454 813 1689 3349 6420 16144 865 1536 3319 6469 13554 814 1480 3233 6344 13318
60 543 1239 2727 5277 13070 816 1720 3474 6668 16991 842 1511 3204 6364 13226 841 1478 3256 6356 13534
65 524 1205 2667 5272 14343 797 1666 3496 6851 17323 838 1497 3229 6421 13687 788 1430 3195 6377 13396
70 511 1217 2641 5408 13755 766 1638 3478 6714 17535 853 1511 3385 6652 13525 801 1485 3333 6479 13855
75 876 1845 3697 8209 17384 1332 2581 5292 10715 22514 1089 1928 4104 8254 15643 1020 1860 4063 8514 16692
80 1156 2239 4413 9484 19984 1454 2772 5718 11163 23195 1289 2150 4702 9176 17131 1348 2248 4965 9573 18596
85 1175 2204 4333 9262 19025 1489 2788 5723 11543 24302 1303 2182 4791 9313 16996 1335 2263 4997 9820 18983
90 1176 2265 4460 9294 19637 1524 2819 5862 11510 24505 1329 2244 5079 9454 18092 1283 2195 4890 9737 18728
95 1170 2231 4367 9342 19233 1470 2755 5802 11524 23509 1313 2196 4794 9200 17280 1395 2299 5105 9897 18706

Yr

F

100 1200 2251 4322 9227 18925 1495 2795 5690 11475 24100 1309 2220 4928 9212 17813 1323 2204 5011 9755 18696
5 63 189 386 821 1597 62 186 375 811 1552 66 186 382 856 1683 59 119 348 757 1430

10 59 194 477 1225 2724 49 121 436 1226 2866 58 202 494 1311 2842 758 1268 2253 4612 9951
15 54 190 501 1491 3475 27 85 451 1547 3599 731 1329 2570 5944 11277 3088 4919 8419 14639 24417
20 54 199 558 1717 3831 26 82 469 1738 4140 3591 5652 9627 16448 26483 3975 6585 11379 19384 32664
25 55 198 563 1788 3822 26 82 468 1807 4538 4658 7821 13527 23753 39266 4733 7662 13173 22856 38095
30 54 195 598 1771 3939 25 78 467 1837 4213 4452 7330 12825 22959 38079 4372 7339 12842 21817 35703
35 52 198 604 1806 4104 26 79 482 1872 4471 4452 7403 12926 23184 38727 4405 7271 12503 21883 35637
40 53 192 613 1804 3887 25 76 480 1900 4282 4465 7409 12827 22610 37574 4164 7105 12512 21904 36403
45 56 198 606 1811 4070 25 76 467 1966 4630 4144 7297 12766 22935 39468 4597 7522 12864 22181 36088
50 55 196 618 1907 4183 25 75 475 1876 4529 4472 7418 12966 23379 38926 4550 7515 12789 22275 36877
55 54 199 610 1876 4047 25 79 494 2003 4434 4467 7439 12920 22323 37619 4618 7458 12979 22877 37041
60 54 197 627 1891 4051 25 76 483 1964 4415 4504 7507 12751 22610 37282 4401 7074 12343 21904 37402
65 52 195 616 1881 4197 26 79 508 1933 4342 4467 7617 13396 23764 38766 4559 7343 12938 22288 36024
70 52 196 622 1802 3974 24 75 491 1971 4339 4401 7463 12779 22722 38062 4630 7424 12754 22340 36778
75 52 191 625 1847 3978 24 77 491 1928 4349 4417 7475 13199 23534 38846 4647 7673 13215 22590 36821
80 53 193 616 1906 4283 26 80 484 1887 4386 4586 7589 13109 23332 38292 4474 7512 12759 22512 36883
85 53 188 644 1976 4187 26 77 480 1894 4201 4342 7642 12936 22757 37630 4317 7170 12537 21874 36203
90 52 192 598 1895 4097 24 75 470 1907 4484 4546 7336 12765 23282 38482 4541 7343 12562 22165 38282
95 52 190 606 1900 4121 25 78 463 1866 4381 4544 7582 13132 22932 38900 4535 7379 12739 22157 36257

C

100 54 196 592 1887 4165 25 78 480 1912 4550 4505 7680 13335 23189 40712 4562 7571 13071 22217 36633
5 188 331 667 1307 2431 185 347 686 1282 2434 191 349 701 1366 2496 181 318 617 1198 2237

10 215 417 998 2181 4277 187 395 1017 2327 4526 223 444 1014 2273 4471 1612 2656 5402 10145 17865
15 203 463 1131 2596 5042 83 354 1115 2798 5790 1643 2697 5161 9809 17198 4887 7907 13317 22811 36337
20 234 491 1258 2808 5383 72 352 1235 3131 6380 4135 6946 11944 20913 34270 4372 7376 12908 23054 38331
25 219 483 1280 2942 5386 69 365 1309 3183 6157 4944 7992 13961 24510 41026 5733 9535 16414 29148 47128
30 221 507 1290 2869 5548 67 362 1288 3225 6213 4210 7395 13536 24136 40092 4857 8684 15516 27984 45889
35 229 491 1268 2895 5169 68 354 1352 3179 6337 4416 7653 13474 23838 39879 4937 8477 15277 27857 48192
40 216 481 1313 2955 5373 69 351 1331 3322 6290 4580 7721 13707 23598 38960 4842 8493 15347 27252 44751
45 216 486 1357 2944 5413 68 351 1343 3290 6341 4347 7716 13572 24478 41025 5026 9043 16167 28446 45994
50 223 495 1336 2925 5425 70 357 1330 3362 6655 4459 7638 13300 23453 39677 4884 8630 15433 27909 47248
55 222 487 1293 2924 5375 65 347 1316 3298 6387 4504 7717 13446 24178 39931 4996 8899 15580 27200 45949
60 213 475 1275 2955 5612 70 363 1302 3300 6320 4116 7440 13460 23927 38846 4847 8710 15546 28308 46866
65 218 506 1299 2938 5139 67 350 1314 3265 6324 4361 7544 13363 24532 40289 5158 8836 15393 27665 45641

D3

F

70 212 500 1315 2950 5418 67 343 1341 3339 6142 4535 7600 13463 24178 39361 4999 8771 15777 28457 47709
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A2 A2' A3 B1D Pass
Mod

Yr
10th 25th Med 75th 90th 10th 25th Med 75th 90th 10th 25th Med 75th 90th 10th 25th Med 75th 90th

75 215 485 1259 2833 5288 68 352 1334 3316 6168 4312 7488 13386 23917 38919 5173 8845 15809 27609 45699
80 211 485 1326 2953 5510 68 344 1296 3263 6477 4415 7572 13421 23454 39936 5143 8810 15432 27289 46135
85 218 491 1302 2863 5354 71 354 1281 3317 6335 4341 7477 13327 24150 40575 5107 8607 15745 28382 47253
90 216 505 1253 2878 5496 72 353 1325 3277 6481 4336 7815 13661 24352 39925 4751 8624 15279 26704 45262
95 212 498 1296 2884 5477 70 351 1331 3332 6386 4335 7646 13441 23487 38783 4994 8803 15620 28092 47158

YrYr

100 214 482 1298 2894 5341 67 341 1361 3212 6258 4316 7660 13788 24382 41330 5219 8754 15543 28620 46956
5 107 263 442 777 1275 99 255 437 790 1304 102 257 440 782 1294 98 249 421 762 1213

10 120 307 605 1102 1860 109 313 628 1176 2029 115 309 585 1098 1970 539 941 1763 3326 7887
15 172 368 738 1368 2316 193 403 807 1526 2587 645 1195 2268 4660 9469 1670 2797 5319 10278 17778
20 228 471 918 1666 2819 272 513 1016 1850 3146 2249 3848 6927 12746 21294 2331 3853 7460 13690 23321
25 278 516 978 1790 2981 318 581 1143 2064 3446 3071 5466 9758 17666 29590 2800 4803 8978 15823 26563
30 262 540 1039 1874 3123 334 616 1165 2117 3563 2956 5201 9464 16875 29080 2624 4654 8790 15745 27076
35 322 565 1069 1889 3128 353 638 1223 2162 3552 2983 5203 9608 17116 29169 2703 4608 8494 15248 25977
40 292 553 1052 1896 3178 355 627 1205 2166 3615 2927 5265 9588 17128 28861 2648 4587 8656 15171 26009
45 212 467 934 1721 2855 269 521 1062 1951 3261 2463 4325 8626 15859 27500 2312 3860 7818 14193 24343
50 197 410 860 1658 2814 228 456 964 1817 3170 2633 4493 8570 15806 27125 2281 3924 7756 13922 24049
55 200 382 843 1626 2817 214 434 946 1836 3211 2579 4485 8554 15671 27250 2344 3985 7812 14312 24620
60 194 383 817 1587 2766 205 422 934 1789 3054 2630 4658 8636 15530 26746 2326 3817 7569 13782 23949
65 170 372 773 1575 2688 202 415 923 1842 3225 2593 4522 8713 15963 27693 2288 3909 7792 14111 24155
70 149 351 783 1537 2628 192 409 920 1777 3089 2631 4538 8490 15546 26221 2318 3871 7668 13936 24365
75 209 422 857 1639 2864 240 493 1031 1953 3348 3144 5386 9806 17466 29070 2745 4743 8780 15900 26608
80 264 502 972 1812 3088 288 571 1137 2083 3397 2981 5321 9660 17359 29217 2731 4715 8800 15524 27088
85 275 544 1052 1913 3264 318 596 1169 2094 3407 2955 5170 9691 17291 29551 2685 4578 8636 15472 26440
90 294 559 1062 1914 3187 342 623 1204 2164 3582 2942 5093 9549 17471 29194 2839 4785 8734 15665 26936
95 314 570 1067 1899 3139 355 631 1199 2151 3578 3016 5232 9621 17335 29534 2743 4617 8709 15703 26200

C

100 305 567 1076 1930 3273 366 640 1219 2224 3728 3082 5318 9744 17611 29687 2779 4735 8819 15769 26509
5 298 489 869 1501 2388 279 455 829 1434 2343 282 465 863 1501 2436 264 448 826 1467 2415

10 405 775 1399 2461 4137 393 751 1399 2492 4187 378 730 1354 2424 4054 1066 1869 3657 8230 14580
15 548 1013 1825 3186 5090 573 1073 1988 3456 5667 1320 2313 4548 9069 16222 2683 4745 8774 16057 26636
20 684 1235 2216 3738 6058 796 1366 2391 4032 6782 2702 4666 8727 16149 27538 2837 4951 9327 16714 28972
25 744 1320 2300 3817 6002 858 1458 2495 4180 7232 3227 5904 10467 19202 32407 3781 6452 11755 21329 36473
30 766 1358 2299 3781 6054 879 1508 2546 4210 7349 3025 5652 10243 19064 33140 3332 6338 11818 21048 35207
35 761 1324 2279 3817 6261 883 1501 2590 4254 7694 3135 5650 10414 18810 31603 3336 6232 11502 21192 36469
40 772 1360 2332 3911 6481 901 1531 2601 4240 7049 3194 5719 10404 18730 31832 3388 6292 11632 20962 34593
45 671 1199 2092 3552 5731 774 1350 2320 3815 5971 2691 4983 9564 17430 30415 2848 5455 10440 19527 33777
50 595 1109 2000 3416 5390 699 1263 2275 3843 5977 2769 4940 9436 17224 29852 2944 5382 10448 19103 33129
55 541 1060 1982 3377 5288 658 1206 2139 3614 5739 2843 5209 9757 17525 29897 3011 5569 10390 18753 32847
60 550 1055 1966 3324 5288 678 1205 2180 3651 5961 2699 4933 9431 17343 29995 2940 5493 10353 19141 33849
65 527 1030 1929 3366 5379 657 1182 2187 3705 5909 2733 4950 9481 17902 30435 3027 5481 10389 19100 33203
70 505 1059 1968 3378 5396 619 1195 2171 3685 5877 2820 5175 9737 17887 29603 3052 5682 10825 19444 34463
75 614 1148 2052 3560 5569 787 1382 2371 3932 6415 3104 5700 10387 18674 31734 3643 6464 11686 21035 36320
80 704 1284 2251 3778 5967 854 1464 2529 4142 6964 3058 5576 10270 18709 31888 3473 6350 11640 21142 36006
85 758 1326 2270 3750 5972 890 1525 2620 4290 7265 2986 5567 10259 18895 32345 3363 6244 11626 21206 36687
90 762 1330 2299 3793 6150 911 1574 2648 4226 7178 3125 5835 10596 19245 32884 3378 6084 11242 20495 36019
95 783 1339 2274 3752 6234 913 1549 2612 4310 7367 3044 5432 10178 18512 31779 3457 6228 11555 21429 36549

D4

F

100 767 1338 2303 3832 5886 908 1536 2615 4231 7296 3116 5751 10550 18827 32483 3323 6127 11354 20728 36345
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Table D.1-5: Projected distributions of fall chinook ocean catch.

A2 A2' A3 B1D Pass
Mod

Yr
10th 25th Med 75th 90th 10th 25th Med 75th 90th 10th 25th Med 75th 90th 10th 25th Med 75th 90th

5 415 802 1560 3038 5474 429 831 1655 3108 5293 403 795 1559 2913 5194 272 546 1099 2122 3945
10 572 1106 2197 4048 6945 610 1209 2428 4459 7442 349 702 1409 2742 5027 2141 3734 6758 12037 20425
15 671 1283 2463 4368 7207 784 1550 2923 5095 8516 1072 2383 4721 8554 14083 1969 3818 7106 12801 21765
20 724 1386 2672 4857 7908 844 1576 2983 5313 8799 2260 4515 8781 15981 27479 2249 4178 8168 15035 26383
25 756 1390 2595 4714 7977 848 1629 3028 5335 8911 1872 3970 8108 15370 26722 2147 4106 7936 14708 26495
30 728 1389 2572 4610 7743 823 1582 2992 5282 8798 2022 4141 8268 15727 27426 2157 4138 7941 14474 24860
35 739 1379 2673 4754 7853 849 1561 2908 5133 8406 2008 4046 8058 15446 27365 2102 4115 7845 14630 25360
40 742 1409 2666 4742 7899 870 1578 3021 5390 8510 1945 3980 8088 14820 26074 2290 4353 8099 14986 25817
45 780 1439 2694 4783 7880 852 1526 2969 5226 8526 1928 4010 8185 15576 26204 2173 4119 7937 15244 26675
50 778 1438 2651 4758 8076 867 1603 3001 5360 8558 2025 4138 8207 15591 27386 2116 4204 7986 14850 25822
55 760 1448 2658 4755 7916 874 1645 3079 5380 8838 1998 4103 8112 15109 25992 2093 4164 8098 14765 25553
60 746 1401 2671 4865 7941 878 1595 2976 5542 9164 1991 4062 8291 15418 26987 2193 4213 8084 15115 25935
65 739 1420 2662 4647 7741 821 1588 3007 5392 8900 2051 4138 8288 15876 27861 2196 4198 8334 15358 26541
70 760 1450 2734 4793 8077 928 1589 3020 5390 9048 1968 4007 8069 14885 26620 2190 4137 8054 14987 26393
75 783 1445 2658 4778 7760 847 1554 2914 5278 8521 2016 4237 8364 15620 26815 2208 4338 8393 15380 26651
80 744 1404 2621 4808 7873 852 1622 3010 5412 9247 2037 4073 8136 15665 28261 2080 4117 7917 14258 24343
85 788 1427 2735 4894 8245 852 1636 3104 5483 8808 2089 4273 8409 15983 26726 2090 4063 7991 14825 26193
90 757 1432 2627 4714 7917 882 1596 2953 5288 8669 2124 4155 8141 15476 26874 2169 4214 8121 15191 26010
95 802 1490 2683 4711 7771 892 1630 2977 5418 9064 1977 4068 8027 15306 26272 2198 4240 8117 15044 25883

C

100 707 1370 2621 4808 8016 851 1619 3029 5373 9059 1821 4007 8263 15405 26942 2012 3958 7816 14676 26036
5 947 1779 3562 6431 11159 892 1733 3443 6276 10304 919 1815 3418 6126 10319 691 1356 2773 5219 9010

10 1144 2189 4107 7379 11846 1227 2423 4474 7860 12916 828 1627 3170 5829 9578 2327 4356 8344 15392 27058
15 1174 2196 4080 7288 11831 1383 2584 4721 8084 13435 708 2021 4453 8702 15190 1869 4096 8360 15513 27212
20 1213 2268 4092 7064 11788 1409 2538 4618 8205 13881 2092 4389 8749 16621 28571 2563 5225 10328 18881 32624
25 1193 2249 4267 7533 11961 1358 2478 4537 8157 13876 1754 3952 8347 15987 27605 1775 4458 9405 18516 32514
30 1280 2291 4235 7442 12106 1347 2496 4548 7922 13360 1798 4079 8531 16109 27569 1987 4493 9312 18382 32220
35 1302 2312 4154 7339 11800 1270 2470 4649 8103 12959 1874 4145 8619 16173 28463 1926 4418 9392 18489 32456
40 1169 2226 4198 7316 12282 1382 2556 4616 8167 13506 1649 3922 8422 16272 27859 2123 4735 9646 18692 33760
45 1233 2285 4167 7518 12021 1444 2619 4906 8482 13972 1871 3934 8182 15837 28707 1919 4551 9673 18729 32329
50 1204 2259 4260 7603 12434 1310 2460 4534 7957 13215 1777 4114 8359 16627 29694 1983 4727 9866 18955 34475
55 1210 2277 4251 7633 12410 1407 2549 4812 8301 13480 1869 4031 8358 16347 28254 2035 4638 9566 18681 32086
60 1263 2319 4315 7470 12022 1397 2495 4618 8197 13499 1924 4083 8453 16047 28263 1890 4660 9666 18232 32248
65 1226 2264 4207 7425 12285 1281 2501 4674 8282 13450 1744 3874 7947 15494 27064 1931 4552 9559 18410 32347
70 1216 2303 4213 7235 12048 1393 2562 4697 8162 13216 1873 4026 8380 16028 27482 2006 4603 9650 19001 33819
75 1181 2261 4081 7339 12088 1343 2454 4523 8021 13375 1871 4139 8613 16027 28307 1954 4565 9389 18530 33049
80 1184 2245 4140 7263 11692 1252 2448 4604 8200 13143 1909 4099 8152 15501 27744 2107 4533 9190 18255 31955
85 1341 2332 4239 7493 12029 1337 2577 4653 8070 13491 1844 4187 8571 16047 28732 1834 4563 9542 18812 32044
90 1249 2259 4316 7760 12618 1306 2461 4635 8192 13250 1722 3985 8113 15437 26263 1851 4447 9604 18696 31722
95 1194 2313 4242 7440 11823 1425 2559 4756 8228 13531 1958 4160 8550 16299 29136 1988 4660 9766 18724 31954

D1

F

100 1134 2200 4213 7422 11894 1223 2417 4669 8195 13421 1839 3822 8017 15463 27552 1846 4465 9564 18680 33318
5 180 453 1199 2953 6405 186 446 1176 3034 6431 184 459 1155 2760 6142 97 235 629 1632 3918

10 348 871 2177 5133 10518 396 977 2546 6084 12210 220 537 1402 3458 7691 341 730 1657 3628 7134
15 519 1178 2784 5978 11587 628 1442 3462 7595 14683 392 896 1931 3991 7485 448 943 2044 4272 8342
20 576 1341 3144 6696 12899 634 1566 3650 7754 15476 731 1503 3143 6368 12306 588 1198 2532 5352 10364
25 571 1334 3078 6541 12895 653 1586 3586 7705 15131 684 1449 3099 6283 12010 612 1279 2717 5640 11134
30 561 1279 2993 6320 12419 654 1574 3680 7657 14522 725 1554 3264 6646 13165 598 1257 2632 5385 10697
35 574 1316 3007 6495 12451 636 1514 3500 7633 14018 724 1506 3154 6597 12919 617 1244 2628 5413 10808
40 343 833 2136 4924 9628 412 1019 2525 5876 11351 514 1099 2369 5107 10094 463 916 1993 4285 8848
45 314 818 2056 4775 9324 410 967 2386 5426 10562 522 1098 2415 5029 10045 410 872 1943 4223 8700
50 301 794 1997 4653 9581 413 1002 2490 5396 10362 516 1102 2446 5109 10196 380 838 1897 4171 8337
55 292 761 2021 4676 9407 415 1013 2512 5687 11184 497 1077 2359 4904 9680 389 839 1877 3976 8006
60 260 752 1944 4609 9127 392 982 2431 5512 11213 480 1074 2402 4966 9774 391 840 1875 4017 7860
65 266 720 1949 4503 8768 367 956 2463 5648 11073 516 1109 2437 5238 10148 365 809 1921 4230 8266
70 423 1041 2685 6113 11989 611 1428 3389 7504 14595 643 1418 2995 6105 11598 478 1015 2252 4847 9210
75 569 1308 2940 6234 12381 646 1528 3473 7548 14469 729 1533 3260 6502 12637 573 1227 2620 5495 10724

D2 C

80 560 1318 3011 6611 12890 654 1578 3620 7765 15002 729 1568 3207 6563 12965 596 1232 2649 5375 10374
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A2 A2' A3 B1D Pass
Mod

Yr
10th 25th Med 75th 90th 10th 25th Med 75th 90th 10th 25th Med 75th 90th 10th 25th Med 75th 90th

85 561 1317 3059 6775 13062 669 1594 3766 7782 15013 733 1534 3212 6635 12748 594 1259 2696 5559 11209
90 563 1330 3084 6531 12908 678 1590 3541 7577 15056 721 1513 3215 6656 12989 610 1255 2707 5602 10963
95 587 1344 3126 6574 12937 693 1580 3619 7726 15494 709 1485 3131 6354 12212 627 1296 2754 5631 11082

Yr

100 312 807 2095 4856 10043 429 1053 2534 5715 11780 502 1111 2525 5384 10487 405 894 1988 4200 7999
5 216 521 1397 3573 7750 194 490 1321 3399 7808 214 507 1339 3350 7446 104 248 698 1931 4795

10 384 1008 2580 6046 12903 484 1237 3128 7147 14329 228 609 1670 4077 9156 325 727 1672 3807 7910
15 548 1326 3065 6626 13350 669 1637 3921 8611 16500 353 790 1777 3646 7159 459 990 2195 4637 9262
20 525 1366 3238 6992 13694 681 1690 4006 8761 17293 646 1350 2874 5937 11596 651 1344 2867 6183 12105
25 561 1380 3262 7147 14648 650 1629 3841 8575 17450 657 1364 3015 6394 12209 622 1382 2910 6285 13088
30 594 1431 3338 7260 14455 658 1696 3899 8488 16439 652 1404 3066 6322 12740 662 1378 2948 6336 12817
35 580 1397 3299 7178 13921 623 1657 3898 8480 16559 671 1475 3150 6455 12522 640 1382 3017 6330 12829
40 330 863 2181 5102 10254 427 1097 2696 6235 12548 460 1013 2272 4887 9593 445 965 2173 4844 9973
45 338 876 2180 4879 10069 455 1161 2854 6553 13096 436 947 2128 4710 9974 436 970 2206 4755 9313
50 323 815 2151 5027 10493 444 1104 2660 5992 12063 439 979 2199 4768 9858 418 915 2120 4715 9698
55 310 796 2072 5031 10346 480 1129 2777 6112 11972 412 945 2158 4699 9434 411 923 2082 4495 9180
60 320 803 2153 5149 10263 430 1082 2660 6189 12559 461 976 2142 4606 9325 407 933 2071 4400 9108
65 284 782 2025 4873 10672 421 1058 2625 6065 12711 422 934 2069 4448 9216 411 940 2077 4549 9452
70 485 1207 2897 6600 12860 692 1692 4002 8463 16189 560 1237 2771 5800 11037 545 1191 2679 5840 12008
75 560 1363 3227 7160 14396 661 1637 3858 8401 16183 649 1377 3051 6402 12355 618 1327 2979 6293 12713
80 555 1363 3219 7087 13690 673 1694 3964 8462 16267 656 1390 2974 6188 11964 635 1345 2943 6313 12707
85 580 1387 3318 7285 14132 670 1711 3997 8669 17059 655 1400 3081 6493 12886 639 1387 3027 6430 13024
90 577 1393 3427 7634 15067 668 1696 3960 8527 16402 649 1376 2933 5970 12008 628 1409 3009 6437 12851
95 550 1413 3319 7168 13972 657 1738 4066 8773 17075 671 1404 2990 6164 11875 637 1357 2996 6464 12915

Yr

F

100 333 840 2143 4937 9916 427 1080 2645 6049 12005 441 988 2190 4788 9853 408 939 2198 4864 9931
5 64 149 393 1060 2554 66 155 395 998 2360 65 153 409 1090 2539 43 95 239 589 1381

10 64 157 456 1274 3210 38 116 381 1282 3479 47 114 320 885 2224 1773 3098 5655 9817 16578
15 64 161 478 1425 3614 32 112 413 1533 4166 1331 2610 4960 8763 14070 2036 3777 7088 12760 21876
20 67 163 488 1554 3873 32 103 429 1561 4253 2352 4526 8836 15834 27738 2250 4186 8188 14830 26171
25 61 161 491 1601 4042 30 104 430 1587 4175 1859 4018 8003 15489 26365 2135 4140 7974 14847 26726
30 60 157 515 1567 3916 30 103 425 1586 4168 2004 4104 8237 15714 26984 2140 4131 7901 14412 24822
35 63 158 501 1596 4013 29 102 394 1585 4299 2038 4047 8004 15321 27482 2138 4141 7902 14693 25543
40 60 158 508 1605 4063 31 107 418 1557 4137 1941 3948 7988 14842 25998 2273 4404 8103 15099 26090
45 60 165 508 1638 4118 31 98 402 1581 4253 1998 4048 8228 15603 26045 2148 4126 8010 15425 27067
50 65 165 507 1665 4128 31 104 413 1655 4388 2039 4142 8311 15574 27536 2100 4165 8054 14901 25730
55 60 161 526 1650 4015 31 109 445 1660 4180 1990 4157 8027 14852 26047 2103 4164 8141 14765 25467
60 65 167 533 1652 3957 30 104 435 1620 4370 1986 4063 8240 15230 26903 2181 4212 8121 15040 25909
65 63 163 504 1627 3895 29 105 421 1668 4133 2002 4132 8329 16033 27822 2191 4209 8297 15280 26449
70 62 167 535 1684 3989 31 104 426 1656 4349 1973 3958 8023 15098 26536 2207 4174 8084 14968 26413
75 64 161 514 1692 4024 29 103 430 1601 4111 2043 4269 8465 15635 26711 2202 4347 8358 15393 26741
80 61 165 503 1687 4049 30 110 421 1610 4253 2014 4149 8202 15584 28263 2055 4108 7937 14278 24273
85 66 174 534 1703 4070 29 103 429 1589 4285 2118 4294 8373 15918 26639 2087 4057 7978 14849 26154
90 61 162 516 1608 4194 29 99 422 1624 4383 2151 4176 8184 15490 27371 2151 4179 8130 15177 26021
95 65 168 519 1680 4001 30 106 414 1668 4388 2002 4070 8047 15351 26352 2197 4229 8148 15022 25854

C

100 61 160 508 1613 4085 29 104 457 1675 4132 1839 3991 8250 15394 26943 2004 3958 7802 14715 26104
5 143 325 784 1849 4153 145 330 810 1866 4063 154 330 781 1885 4074 88 187 449 1055 2334

10 144 352 937 2386 4956 107 305 896 2425 5595 105 249 632 1570 3431 2478 4465 8233 14580 26145
15 156 371 990 2479 5295 93 300 1053 2790 6163 1003 2511 5113 9704 16816 1998 4148 8405 15737 26620
20 166 397 1037 2499 5007 90 289 1020 2836 6286 2063 4325 8735 16414 28611 2582 5181 10313 19190 32962
25 173 409 1052 2585 5374 93 288 1057 2850 6222 1871 4040 8463 15919 27512 1813 4414 9737 18626 32074
30 165 414 1071 2640 5513 89 283 1047 2857 6374 1755 3836 8272 16013 28234 1971 4455 9450 18400 32442
35 173 396 1062 2655 5414 86 283 1049 2925 6283 1905 4022 8500 16342 28195 1854 4504 9312 18578 33254
40 160 390 1062 2668 5581 87 302 1050 2887 6417 1703 3946 8331 16209 28559 2108 4722 9732 18927 34534
45 161 400 1083 2758 5640 93 307 1090 3037 6449 1795 3964 8103 15752 28454 1855 4597 9710 18713 32860
50 154 391 1083 2714 5687 85 282 1020 2970 6387 1756 4060 8425 16610 28471 2019 4700 9829 19090 34810
55 160 392 1083 2669 5520 85 293 1060 3015 6589 1831 3977 8278 16282 28205 2022 4699 9606 18431 32113
60 165 409 1089 2707 5726 86 287 1039 2988 6345 1827 4012 8237 15603 27503 1930 4827 9631 18521 32821
65 155 383 1071 2802 5633 83 286 1043 3005 6378 1797 3883 8244 15698 27296 1942 4572 9595 18789 32437

D3

F

70 166 400 1054 2669 5593 84 289 1066 3054 6382 1871 3959 8309 16014 27425 1960 4671 9839 19163 34446
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A2 A2' A3 B1D Pass
Mod

Yr
10th 25th Med 75th 90th 10th 25th Med 75th 90th 10th 25th Med 75th 90th 10th 25th Med 75th 90th

75 149 383 1056 2629 5609 84 310 1035 2827 6161 1923 4146 8596 16406 28361 1939 4513 9514 18705 33138
80 158 385 1048 2596 5441 82 283 998 2844 6219 2035 4147 8374 15657 27097 2054 4502 9340 18397 32903
85 169 406 1068 2681 5685 86 287 1086 2999 6340 1891 4249 8608 16055 29870 1873 4537 9585 18615 32095
90 169 425 1080 2687 5800 84 277 1034 2919 6303 1734 3832 8020 15211 26903 1896 4516 9743 18723 32379
95 165 398 1057 2601 5416 86 291 1077 3058 6531 1966 4215 8533 16099 28451 1875 4629 9656 18382 31179

YrYr

100 152 390 1058 2597 5540 83 282 1022 2862 6332 1733 3871 8050 15729 27659 1820 4475 9711 18752 33339
5 106 213 455 960 1899 103 213 466 977 1917 103 209 459 955 1848 61 129 284 591 1170

10 135 275 603 1284 2485 131 283 653 1398 2645 87 176 391 841 1659 987 1911 3719 7055 12262
15 155 320 717 1503 2761 174 371 821 1746 3372 930 1841 3716 6960 11760 1288 2424 4691 8668 15113
20 181 377 818 1729 3315 193 420 937 1907 3541 1672 3176 6172 11678 20676 1459 2809 5507 10508 18540
25 189 388 844 1785 3424 218 450 969 2039 3874 1395 2920 5983 11426 20168 1471 2832 5546 10559 19003
30 192 389 850 1784 3384 216 452 996 2065 3846 1540 3091 6149 11987 21371 1427 2831 5510 10288 18266
35 195 408 878 1833 3359 220 452 979 2033 3763 1509 2995 5993 11595 20457 1446 2811 5462 10187 18366
40 163 333 765 1640 3117 173 376 861 1890 3502 1296 2596 5182 10122 18645 1278 2486 4956 9490 17277
45 141 308 731 1614 3031 148 336 793 1728 3320 1340 2726 5464 10503 18967 1301 2477 4815 9424 16640
50 135 299 687 1487 2930 138 334 782 1683 3179 1382 2738 5495 10428 19170 1264 2451 4828 9390 17402
55 127 287 667 1484 2901 135 316 781 1715 3321 1383 2702 5397 10234 18770 1293 2452 4894 9280 16715
60 126 284 669 1475 2818 133 317 746 1700 3383 1332 2710 5439 10438 18672 1334 2527 4903 9284 16349
65 116 269 657 1430 2810 127 306 761 1679 3324 1418 2770 5538 10825 19463 1257 2512 5057 9717 17182
70 143 325 740 1610 3218 164 356 851 1838 3601 1549 3089 6019 11222 19909 1475 2797 5490 10429 18878
75 171 363 780 1667 3122 175 389 903 1926 3555 1544 3097 6117 11585 20696 1437 2817 5659 10717 18941
80 175 376 842 1782 3377 196 427 962 2064 4037 1537 3057 6043 11740 21324 1407 2764 5495 10394 18461
85 197 406 903 1864 3521 211 451 1007 2072 3917 1529 3070 5994 11487 20533 1414 2728 5546 10508 19115
90 195 415 883 1842 3500 219 453 988 2097 3917 1538 3046 6034 11585 20870 1422 2781 5510 10470 18402
95 204 423 902 1870 3503 226 467 1009 2100 3959 1495 2964 5920 11193 19752 1515 2879 5595 10731 19356

C

100 152 336 783 1663 3178 173 391 888 1871 3558 1218 2570 5477 10872 19066 1158 2310 4739 9087 16256
5 240 491 1042 2266 4323 209 456 1001 2098 3973 235 474 995 2085 3973 126 272 610 1339 2691

10 316 685 1500 3102 5618 346 727 1564 3184 5816 190 406 906 1905 3669 1454 2774 5434 10475 18609
15 387 808 1718 3345 5986 473 960 1974 3859 6880 771 1813 3814 7322 13022 1430 2913 5880 11272 20313
20 424 881 1852 3612 6479 523 1026 2110 4112 7219 1664 3312 6551 12540 22742 1792 3607 7312 13900 24892
25 448 919 1901 3784 6754 520 1047 2097 4193 7343 1497 3106 6426 12759 22638 1567 3326 6866 13600 24414
30 479 945 1940 3758 6609 519 1049 2151 4086 7099 1450 3095 6598 12702 22984 1550 3396 6895 13661 24834
35 477 947 1936 3681 6534 505 1048 2152 4109 7054 1527 3199 6636 12898 23134 1528 3348 6944 13925 25433
40 397 827 1718 3452 6146 457 946 1957 3782 6662 1273 2784 5877 11639 20746 1393 2961 6262 12858 23981
45 380 797 1698 3306 6024 431 950 1975 3825 6923 1333 2769 5779 11564 21746 1508 3092 6420 12599 22674
50 342 739 1675 3342 6145 418 866 1826 3535 6363 1393 2872 6052 11858 21644 1448 3088 6474 12815 23345
55 340 755 1625 3248 6060 424 876 1853 3601 6383 1321 2886 5867 11518 21364 1461 3058 6479 12432 22184
60 352 751 1659 3425 6203 399 838 1811 3586 6496 1462 2930 5930 11391 20710 1457 3090 6336 12363 22680
65 334 727 1614 3331 6105 401 834 1780 3598 6524 1323 2795 5688 11327 20830 1494 3058 6350 12694 23727
70 391 823 1769 3499 6229 470 972 2036 3909 6851 1568 3180 6390 12573 22413 1730 3571 7240 14078 25085
75 403 871 1816 3610 6653 481 1007 2076 3951 6998 1484 3128 6545 12780 23097 1576 3262 6896 13643 25465
80 439 924 1886 3642 6356 523 1041 2126 4088 7031 1509 3180 6375 12381 22678 1551 3253 6831 13642 25210
85 474 963 1951 3752 6634 539 1079 2188 4211 7528 1468 3189 6574 12756 23767 1551 3393 6968 13611 25365
90 473 956 1990 3974 6999 526 1056 2162 4172 7369 1439 3083 6328 12294 21768 1516 3340 6935 13819 24666
95 472 950 1935 3711 6527 552 1110 2250 4225 7478 1511 3208 6440 12398 22757 1592 3353 6952 13787 25125

D4

F

100 385 799 1705 3474 6105 423 905 1915 3783 6689 1240 2699 5757 11390 21252 1327 2880 6235 12733 23004
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Table D.1-6: Projected distributions of fall chinook spawners, by extra mortality hypothesis (A2).

Regime Shift Here to Stay HydroD Pass
Mod

Yr
10th 25th Med 75th 90th 10th 25th Med 75th 90th 10th 25th Med 75th 90th

5 333 619 1208 2431 4441 338 618 1207 2423 4470 338 618 1207 2423 4470
10 407 853 1919 3982 6795 409 854 1917 3938 6810 409 854 1917 3938 6810
15 1348 2606 4842 8684 14790 497 1069 2490 4884 8804 497 1069 2490 4884 8804
20 2485 3939 6333 10838 17907 495 1204 2751 5283 9099 495 1204 2751 5283 9099
25 2674 4183 6689 11069 19094 534 1272 2826 5295 9146 534 1272 2826 5295 9146
30 2706 4174 6657 11207 18781 531 1301 2789 5345 9065 531 1301 2789 5345 9065
35 2725 4206 6660 11214 18820 575 1342 2950 5351 9228 575 1342 2950 5351 9228
40 2730 4147 6488 10897 18105 550 1269 2888 5390 9018 550 1269 2888 5390 9018
45 1097 1945 3589 6040 10326 530 1278 2920 5373 9640 530 1278 2920 5373 9640
50 866 1687 3195 5733 9539 602 1338 2948 5452 9286 602 1338 2948 5452 9286
55 702 1507 3082 5680 9636 562 1383 2963 5567 9553 562 1383 2963 5567 9553
60 652 1450 3001 5452 9414 573 1360 2935 5463 9177 573 1360 2935 5463 9177
65 603 1342 2994 5374 9156 558 1315 2934 5383 9130 558 1315 2934 5383 9130
70 536 1272 2895 5228 9107 500 1266 2867 5279 9069 500 1266 2867 5279 9069
75 1638 3106 5378 9399 15888 556 1288 2974 5407 9216 556 1288 2974 5407 9216
80 2573 4036 6518 10996 18151 539 1330 2934 5535 9216 539 1330 2934 5535 9216
85 2643 4105 6607 11190 19717 562 1306 2928 5457 9675 562 1306 2928 5457 9675
90 2593 4074 6598 11252 18410 544 1332 2882 5397 9195 544 1332 2882 5397 9195
95 2621 4116 6603 10972 18933 553 1254 2850 5299 9278 553 1254 2850 5299 9278

C

100 2780 4256 6631 11058 19249 534 1317 2879 5378 9465 534 1317 2879 5378 9465
5 361 671 1386 2855 5208 365 669 1390 2841 5242 365 669 1390 2841 5242

10 482 1012 2212 4492 8292 472 1014 2221 4454 8291 472 1014 2221 4454 8291
15 1743 3216 5880 10590 18785 579 1243 2811 5436 9495 579 1243 2811 5436 9495
20 2824 4318 7007 12629 21488 617 1396 3065 5703 9987 617 1396 3065 5703 9987
25 2911 4429 7225 12660 21406 637 1431 3074 5696 9825 637 1431 3074 5696 9825
30 2817 4322 7102 12106 20444 640 1408 3055 5639 9790 640 1408 3055 5639 9790
35 2746 4365 7086 12258 21353 604 1395 2994 5633 9851 604 1395 2994 5633 9851
40 2747 4320 7029 12423 21763 641 1456 3071 5607 10049 641 1456 3071 5607 10049
45 1074 1981 3585 6090 9985 675 1503 3146 5637 9748 675 1503 3146 5637 9748
50 895 1706 3344 5890 10307 658 1482 3094 5721 9897 658 1482 3094 5721 9897
55 743 1528 3144 5587 9567 638 1432 3045 5518 9616 638 1432 3045 5518 9616
60 710 1504 3212 5746 9787 645 1461 3171 5701 9743 645 1461 3171 5701 9743
65 663 1431 3016 5517 9897 631 1415 2983 5539 9751 631 1415 2983 5539 9751
70 644 1419 3014 5701 9979 623 1396 2997 5655 9795 623 1396 2997 5655 9795
75 1915 3564 5958 10670 18086 626 1366 2966 5479 9395 626 1366 2966 5479 9395
80 2737 4259 7037 12456 21593 617 1438 3086 5559 9802 617 1438 3086 5559 9802
85 2775 4296 7079 12169 21347 609 1385 3017 5628 9781 609 1385 3017 5628 9781
90 2647 4224 7125 12332 21486 613 1387 3067 5750 9740 613 1387 3067 5750 9740
95 2796 4326 6955 11998 20621 649 1416 3011 5481 9485 649 1416 3011 5481 9485

D2

F

100 2856 4355 7063 12081 21020 609 1408 3054 5583 9709 609 1408 3054 5583 9709
5 207 335 558 952 1578 206 335 558 949 1567 206 335 558 949 1567

10 219 375 691 1266 2140 220 378 687 1266 2153 220 378 687 1266 2153
15 349 595 1088 1936 3284 236 419 798 1530 2676 236 419 798 1530 2676
20 482 837 1484 2603 4182 229 433 856 1678 2977 229 433 856 1678 2977
25 594 971 1726 2960 4692 239 429 886 1756 3093 239 429 886 1756 3093
30 638 1067 1831 3056 4816 227 435 892 1779 3165 227 435 892 1779 3165
35 692 1139 1894 3137 4976 242 449 907 1813 3196 242 449 907 1813 3196
40 697 1133 1921 3185 4955 235 442 900 1803 3164 235 442 900 1803 3164
45 482 814 1440 2464 4028 224 446 934 1831 3222 224 446 934 1831 3222
50 357 635 1167 2145 3573 237 462 934 1836 3245 237 462 934 1836 3245
55 298 548 1092 2030 3558 239 461 949 1876 3423 239 461 949 1876 3423
60 271 521 1013 1913 3360 242 470 940 1831 3270 242 470 940 1831 3270
65 253 496 952 1901 3289 232 460 909 1839 3258 232 460 909 1839 3258
70 239 456 939 1855 3273 228 439 932 1824 3255 228 439 932 1824 3255
75 384 682 1260 2272 3791 238 453 914 1813 3192 238 453 914 1813 3192

D4 C

80 536 919 1580 2783 4531 236 474 930 1846 3297 236 474 930 1846 3297
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Regime Shift Here to Stay HydroD Pass
Mod

Yr
10th 25th Med 75th 90th 10th 25th Med 75th 90th 10th 25th Med 75th 90th

85 605 1042 1795 3070 4967 237 457 931 1854 3486 237 457 931 1854 3486
90 662 1110 1861 3163 4856 231 458 920 1862 3216 231 458 920 1862 3216
95 690 1121 1919 3220 4937 232 452 920 1788 3259 232 452 920 1788 3259

Yr

100 732 1159 1944 3267 5070 239 453 932 1873 3292 239 453 932 1873 3292
5 367 606 1036 1838 2973 368 609 1038 1829 2981 368 609 1038 1829 2981

10 477 868 1611 2879 4670 474 864 1604 2863 4709 474 864 1604 2863 4709
15 891 1455 2551 4305 6744 585 1059 2008 3619 5713 585 1059 2008 3619 5713
20 1250 2010 3282 5146 7784 609 1176 2240 3943 6130 609 1176 2240 3943 6130
25 1394 2200 3528 5277 7899 636 1217 2275 3948 6090 636 1217 2275 3948 6090
30 1452 2196 3425 5242 7784 652 1220 2257 3877 6111 652 1220 2257 3877 6111
35 1410 2173 3458 5244 7903 630 1198 2244 3839 6128 630 1198 2244 3839 6128
40 1406 2214 3488 5393 8122 657 1217 2280 3891 6204 657 1217 2280 3891 6204
45 1030 1688 2731 4410 6738 661 1234 2313 3997 6245 661 1234 2313 3997 6245
50 811 1384 2469 4135 6316 628 1210 2274 3976 6116 628 1210 2274 3976 6116
55 703 1260 2326 3905 5979 618 1179 2251 3841 5958 618 1179 2251 3841 5958
60 689 1287 2370 3938 6245 643 1249 2319 3880 6176 643 1249 2319 3880 6176
65 642 1229 2266 3896 6151 618 1198 2250 3892 6102 618 1198 2250 3892 6102
70 644 1233 2258 3919 6174 621 1225 2269 3940 6141 621 1225 2269 3940 6141
75 968 1627 2775 4627 7080 637 1193 2184 3857 6022 637 1193 2184 3857 6022
80 1261 2034 3254 5163 7762 643 1219 2255 3895 6134 643 1219 2255 3895 6134
85 1389 2155 3427 5195 7742 639 1212 2251 3788 5991 639 1212 2251 3788 5991
90 1421 2198 3447 5372 7870 635 1236 2284 3945 6177 635 1236 2284 3945 6177
95 1435 2168 3434 5195 7957 644 1189 2210 3893 6068 644 1189 2210 3893 6068

Yr

F

100 1463 2201 3519 5351 8013 642 1215 2284 3981 6112 642 1215 2284 3981 6112

Table D.1-7: Projected distributions of fall chinook spawners, by extra mortality hypothesis (A3).

Regime Shift Here to Stay HydroD Pass
Mod

Yr
10th 25th Med 75th 90th 10th 25th Med 75th 90th 10th 25th Med 75th 90th

5 325 612 1225 2435 4698 328 603 1220 2455 4723 328 603 1220 2455 4723
10 221 437 993 2006 3532 216 437 990 1979 3502 216 437 990 1979 3502
15 1817 3318 5411 9408 15743 663 1403 2914 5291 8812 1672 3126 5175 8972 15101
20 3268 4753 7380 12419 21322 662 1479 3225 5716 9748 3130 4583 7235 12171 20864
25 4017 5711 9290 16397 27565 876 1940 3997 6987 12886 4016 5605 9374 16284 28397
30 4052 5737 9523 16511 28392 1020 2212 4206 7462 13934 4024 5730 9558 16574 27983
35 4039 5659 9309 16433 27451 1079 2310 4342 7605 13859 4032 5657 9418 16600 27850
40 3920 5648 9466 16463 27892 1141 2326 4412 7594 14190 3952 5692 9363 16537 28112
45 1714 2823 4911 8645 15881 1163 2293 4433 7847 14334 4045 5554 9407 16750 29541
50 1451 2663 4621 7837 14093 1165 2400 4423 7625 13830 4025 5706 9463 16402 27783
55 1343 2463 4441 7646 13833 1180 2339 4416 7658 14010 4027 5710 9446 16312 28147
60 1240 2390 4451 7637 13835 1179 2324 4427 7689 13824 4031 5784 9361 16519 29022
65 1211 2400 4510 7818 14093 1178 2373 4420 7798 14015 4012 5698 9492 16874 29087
70 1246 2396 4397 7537 13986 1235 2390 4368 7374 13945 4084 5753 9425 16500 27720
75 3288 5035 8246 14432 24669 1249 2465 4479 7681 13663 4113 5863 9596 16619 27660
80 4044 5672 9373 16562 28105 1269 2402 4480 7721 13983 4009 5700 9551 17018 29025
85 4099 5627 9309 16454 28056 1190 2383 4455 7492 14186 4027 5707 9336 16563 28338
90 4037 5809 9493 16132 27711 1217 2455 4462 7658 13622 4029 5791 9723 16367 27750
95 4089 5796 9571 16281 28442 1286 2430 4496 7631 13761 4072 5755 9412 16126 28238

C

100 4095 5792 9991 17311 29230 1245 2493 4578 7732 14107 4110 5862 9990 17267 29327
5 365 679 1371 2786 5151 361 677 1356 2789 5118 361 677 1356 2789 5118

10 226 476 1112 2230 3979 223 481 1104 2223 3911 223 481 1104 2223 3911
15 1808 3379 5514 9797 16606 591 1306 2708 4949 8272 1641 3107 5232 9093 15790
20 3086 4579 7304 12546 21658 549 1232 2825 5196 9160 3029 4543 7188 12457 21382
25 3864 5466 9088 15686 27613 655 1530 3462 6054 11309 3841 5467 9133 16094 27525
30 3873 5502 9131 16591 27931 790 1720 3682 6520 12153 3831 5515 9233 16392 28238
35 3941 5551 9144 16312 27781 808 1802 3798 6561 11867 3923 5559 9062 16354 28187

D2

F

40 3998 5558 9277 16457 28866 882 1908 3809 6774 12239 3991 5586 9302 16548 29231
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Regime Shift Here to Stay HydroD Pass
Mod

Yr
10th 25th Med 75th 90th 10th 25th Med 75th 90th 10th 25th Med 75th 90th

45 1508 2619 4606 7699 13979 894 1934 3904 6848 12266 3931 5564 9375 16944 28629
50 1143 2172 4044 7070 12752 875 1853 3804 6622 12422 3788 5471 9000 15816 27688
55 1013 2071 3918 6674 12505 909 1925 3865 6553 12321 3934 5545 9132 16176 28505
60 940 1992 3875 6634 12256 868 1938 3844 6700 12028 3920 5461 9178 15862 26783
65 889 1884 3905 6804 12386 834 1869 3891 6859 12287 3889 5568 9232 16465 28374
70 914 1895 3940 6713 12346 903 1894 3932 6782 12236 3918 5549 9225 16251 28695
75 2823 4637 7555 13606 22932 858 1899 3781 6451 11770 3796 5456 8943 15834 26874
80 3817 5434 8881 15790 26619 853 1910 3836 6586 11469 3902 5512 9064 15772 27145
85 3819 5415 9136 16358 28550 865 1934 3858 6689 12108 3848 5456 9153 16192 28322
90 3907 5461 9105 16612 28528 892 1922 3909 6595 12265 3923 5408 9116 16476 28722
95 3865 5519 9013 15889 27513 835 1869 3845 6546 11732 3853 5500 9008 15753 26950

YrYr

100 3873 5515 9102 16886 28536 840 1892 3844 6722 12468 3843 5432 9160 16411 28730
5 206 331 561 982 1626 207 332 557 974 1625 207 332 557 974 1625

10 108 193 348 646 1155 109 192 347 645 1159 109 192 347 645 1159
15 1944 3321 5539 9670 16021 1200 2269 4304 7505 13018 1940 3317 5456 9528 15869
20 5098 7475 12104 19252 29699 3207 5011 8288 14240 22361 5073 7365 11975 18785 29683
25 5914 9094 15138 24873 41103 4538 6563 11119 19084 31431 5859 8974 15160 24720 40405
30 5738 8854 14816 24814 38825 4414 6585 11122 19005 31479 5722 8756 14680 24637 39873
35 5737 9034 14799 25120 39992 4527 6611 11063 19268 31520 5779 8963 14765 24832 39408
40 5520 8674 14757 25221 39901 4459 6543 11104 18858 31514 5640 8851 14711 24546 39154
45 4204 6217 10690 18792 32079 4512 6469 11126 19281 31069 5759 8723 14730 24810 39846
50 4605 6642 10912 18828 31067 4560 6696 11144 18979 31248 5720 8890 14698 24895 39674
55 4561 6668 11229 19133 31479 4476 6592 11182 19510 32300 5757 9007 15036 24924 39749
60 4525 6595 11316 19026 31102 4439 6553 11267 18818 31776 5540 8815 15065 24605 40092
65 4505 6525 11252 19521 31689 4501 6535 11303 19295 32082 5637 8991 15082 25120 40093
70 4523 6487 11191 18637 31267 4582 6648 11127 18783 32020 5798 9087 14745 24446 40190
75 6165 9447 15366 24676 38437 4541 6645 11108 18849 30549 5737 8860 15061 24467 38489
80 5539 8795 15012 25039 40560 4507 6546 11167 19365 32209 5617 8894 14803 25184 40062
85 5634 8787 14511 24638 39344 4562 6505 10911 18725 30969 5733 8822 14569 24771 39422
90 5811 9141 14971 25144 39122 4620 6795 11229 19112 30932 5785 9125 14832 24711 39064
95 5727 9009 14732 24882 39872 4521 6502 11058 19139 32654 5675 8905 14637 25075 40193

C

100 5821 9212 15336 25577 40708 4558 6774 11365 19598 32707 5833 9253 15251 25452 41373
5 355 588 1019 1803 2935 356 581 1021 1816 2977 356 581 1021 1816 2977

10 236 419 761 1379 2309 234 413 759 1362 2305 234 413 759 1362 2305
15 3694 5571 9253 15594 24657 2453 4268 7099 12476 20329 3668 5517 9163 15710 24679
20 5445 8239 13442 22321 36375 4273 6152 10359 17642 28073 5499 8247 13672 22497 35562
25 5988 9628 16166 26732 43031 4770 7191 12615 21188 35383 5879 9362 16006 26607 43519
30 5784 9467 15928 26527 43692 4763 7162 12478 21522 35914 5753 9216 15855 26417 44215
35 5954 9439 15581 26340 43201 4812 7186 12283 21184 36031 5954 9359 15530 26754 42733
40 5906 9425 16071 26421 44045 4821 7312 12556 21838 36654 5871 9393 15912 26556 44718
45 4464 6809 11813 20965 34851 4702 7154 12484 21751 35386 5768 9204 15800 26811 43242
50 4780 7127 12137 21442 35657 4688 7104 12301 21372 34285 5750 9051 15610 26265 42663
55 4752 7263 12404 21409 35625 4794 7149 12320 21290 35352 5801 9280 15701 26623 43644
60 4735 7142 12207 20688 34048 4603 6987 12166 20823 34590 5644 8974 15436 26029 41742
65 4726 7213 12560 21298 35152 4677 7163 12501 21381 36040 5707 9314 15556 26662 43445
70 4837 7256 12404 21364 35372 4800 7337 12408 21153 34859 5691 9368 15880 26585 44229
75 6213 9768 15971 26527 41654 4698 6964 12088 20647 33645 5645 8909 15433 25570 41050
80 5702 9265 15348 25749 40792 4726 7092 12140 20991 33869 5808 9113 15479 26077 41469
85 5683 9035 15640 26351 43103 4716 7001 12247 21304 36190 5661 9015 15682 26818 43822
90 5810 9181 15843 26707 43414 4842 7235 12313 21289 34663 5795 9199 15810 26615 42083
95 5800 9027 14995 25677 41690 4726 7088 12095 20722 34029 5886 9165 15090 25663 41981

D4

F

100 5721 9251 15655 26960 43261 4750 7094 12383 21448 35515 5616 9163 15552 26489 42774
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D.2 Average number of spawners for Sensitivity Analyses

Section 6.3 of the report contains results for sensitivity analyses to other management scenarios (sec. 6.3.1),
alternative survival and recovery escapement thresholds (sec. 6.3.2), and various model assumptions and
parameters (sec. 6.3.3). Generally, results for those sensitivities were expressed in terms of changes in
survival and recovery probabilities, relative to some base case. In this Appendix, we supplement the results
in section 6.3 by presenting changes in average number of spawners for some of these sensitivities.

Sensitivity to other management scenarios

Table D.2-1 summarizes average spawner results for sensitivities to the no transport, barge, and alternative
harvest scenarios. Results are averaged over the two passage models and, for hypotheses D2 and D3, the
three extra mortality hypotheses.

Table D.2-1: Summary of results of limited assessments of exploratory management scenarios. Results are
average of results with CRiSP and FLUSH passage models.

Average spawners over 100 years
D1 D2 D3 D4

Base (A2) 5028 5259 2131 2328
Base (A3) 21312 8325 20842 15425

“No Transport”

No transport 6748 806 6748 4454
Base (A2) 5028
Barge (D=0.87) 13440

Barge
(note 1)

Barge (D=1.0) 15268

n/a
(note 2)

n/a
(note 2)

n/a
(note 2)

Base (A2) 2131 2328
Ocean +15% Base in-river 2028 2197
Ocean –15% Base in-river 2238 2462
Ocean –50% Base in-river 2584 2894
Ocean –50% In-river –50% 2846 3194
Ocean –75% In-river –50%

n/a n/a

2970 3345
Base (A3) 20842 15425
Ocean +15% Base in-river 20647 15245
Ocean –15% Base in-river 20985 15570
Ocean –50% Base in-river 21754 16234
Ocean –50% In-river –50% 21847 16321

Alternative
Harvest
(note 3,4)

Ocean –75% In-river –50%

n/a n/a

21825 16309
1. We ran two barge scenarios: one where D increases to 0.87 when full barging is implemented, and one where D increases to

1.0. Both scenarios produced identical recovery probabilities, so only one set of results were shown in section 6.3.1. However,
both scenarios did not produce identical average spawner numbers, so we present both sets of results here.

2. The barge scenario was a variation on hypothesis D1 (low D values in the past, with D increasing in the future because of
improved transportation practices), and therefore was only examined with hypothesis D1.

3. In section 6.3.1, results were shown only for action A2 and hypotheses D3 and D4 because these were the only cases where
reducing harvest might have increased recovery probabilities over the 0.5 critical level. We include results for action A3 here
as well to show the effects of reduced harvest rates on spawner projections.

4. The reduced in-river harvest rate scenario represents a 50% reduction in in-river harvest rates for lower run sizes, and upper
run-size harvest rates do not occur until recovery goal is exceeded by 50%
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Sensitivity to alternative survival and recovery thresholds

Changing survival and recovery thresholds affects the threshold to which the spawner projections are
compared to determine survival and recovery probabilities, but does not affect the spawner projections
themselves.

Sensitivity to model assumptions and parameter values

In this section we show the effects on average spawners of alternative conversion rate assumptions (Table
D.2-2) , and of alternative fixed D values (Table D.2-3). See section 6.3.3 for details of the analyses.
Average spawners values are not shown for the sensitivity analysis of changes in spawning habitat
following drawdown because projected spawners are already shown in section 6.3.3.1. In addition, we do
not show average spawner values for the sensitivity analyses of bypass and transport survival assumptions,
nor for analysis of predator removal effectiveness because these sensitivities were based on passage model
outputs, not on life-cycle outputs.

Table D.2-2: Average spawners with alternative conversion rate assumptions

Action CRiSP FLUSH
A2 base conversion 1783 2479

A2 alternative conversion 1133 1824

A3 base conversion 21804 22685

Average
Spawners

A3 alternative conversion 10484 11559

Table D.2-3: Average spawners for different fixed values of D.

CRiSP FLUSH
0 0.05 0.1 0.15 0.2 0.4 1 0 0.05 0.1 0.15 0.2 0.4 1

A2 94 292 597 1041 1543 3303 4949 206 748 1584 2407 3103 4698 5569
A3 16284 16106 15887 15429 15069 13379 9336 17735 17899 17662 17302 16655 14338 9045
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Appendix E - Details of Life-Cycle Modeling

E.1 Monte Carlo Trials of the Fall Chinook Life-Cycle Model

Some PATH members were concerned that the fall chinook life cycle model would underestimate
depensation parameter P. A general set of simulation trials was designed to examine the larger question of
bias in all model parameter estimates. Because we have not had time to do this analysis with the current
passage models, the simulation trials were produced using the earlier version of the passage models
that included alternative hypotheses about the rearing and migration behavior of smolts in Lower Granite
reservoir, and used the lower bound on predator removal effectiveness (0% reduction in predation
mortality).

Emphasis remains on the original issue of model performance when depensation is present and so all
simulation trials involve simulated populations with depensation at P = 0.1, 0.5, or 2.0, which correspond to
mild, medium, and strong depensatory population response. MP (maximum posterior) parameter estimates
were made by maximizing the posterior density function for the “Fall-D” version of BSM; see the life cycle
model description and description of the posterior density in Section 3.2.2. In the Fall-D version of model,
“STEP=0.0” is assumed.

Bias of MP estimates of parameters in the life-cycle model was estimated. The procedure employed is as
follows:

1. A scenario was defined by a given set of assumed values of parameters E, P, D, and assumed log-
normal standard deviation of recruitment error, sigma. The range of scenarios are given in Table 1.

2. 200 simulated Snake River fall chinook recruitment time series were generated for a given scenario.
Each of the 200 time series uses the actual Snake River “wild” spawners and supplementation time
series as input for simulated years 1964-1991, Deschutes spawner and recruit time series as input,
and input passage mortality and transportation percentage according to either a CRiSP retrospective
model or a FLUSH retrospective model. The simulated recruitment time series is based on an
assumed life-cycle model with assumed parameter values either from the scenario identified in
STEP (1.) or else from a set of assumed values of parameters a1,a2,a3,b1,b2,b3, and g – the set of
MP estimates of a FLUSH retrospective fit of the model. During each simulated year, a normally
distributed random recruitment error is added to the model to generate a simulated log-recruitment
value.

3. Each of the 200 recruitment time series were then fitted with the life cycle model to obtain MPE’s
of the model parameters. A nonlinear Marquardt minimization algorithm was employed for the
model parameter estimation in which an approximation of the posterior density was assumed; one
approximation made is that the variance of the prior on the Snake River “ln(b)” coefficient equals
the variance of the recruitment errors; secondly, no adjustment was made for unequal variances
between the Snake River and Deschutes River recruitment errors even though different Snake River
recruitment error variances were part of the Scenario description in (1) – this later omission was
intentional so that it provided a test of the robustness of the estimation procedure to departures from
the assumption of equal variances made in the development of the posterior density function
described in Section 3.2.2.

4. The MP parameter estimates are averaged across the 200 recruitment time series, and then
differenced with the known “true” values used to generate the time series.

Resultant estimates of bias are shown in Table E-1.
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Table E-1: Bias estimates of MPE’s from 200 Monte Carlo trials of each scenario. “True” values assumed in
each scenario are also listed. The last column illustrates the inflation of bias in “P” on term Pln(S) in
spawner-recruit model. First set of numbers is for CRiSP and second set is for FLUSH. Note the
median bias estimates over a set of scenarios is listed at bottom of each set of scenarios.

Bias with CRiSP (mig; upper) "True" Values See Text

a-a[true] ln(b)-ln(btrue) D-Dtrue P-Ptrue E-Etrue D P E sigma
(P-Ptrue)
*ln(Savg)

0.03 0.00 0.01 0.00 -0.08 0.02 0.14 1.00 0.20 -0.02
0.04 0.00 0.01 0.00 -0.07 0.02 0.50 1.00 0.20 -0.03
0.02 0.00 0.01 0.00 -0.04 0.02 2.01 1.00 0.20 -0.01
0.06 0.00 0.02 -0.01 -0.12 0.14 0.14 1.00 0.20 -0.06
0.02 0.00 0.02 0.00 -0.09 0.14 0.50 1.00 0.20 -0.01
0.08 0.00 0.02 -0.01 -0.04 0.14 2.01 1.00 0.20 -0.07
0.03 0.00 0.04 0.00 -0.09 0.37 0.14 1.00 0.20 -0.03
0.04 0.00 0.03 0.00 -0.07 0.37 0.50 1.00 0.20 -0.03
0.13 -0.01 0.03 -0.02 -0.04 0.37 2.01 1.00 0.20 -0.13
-0.08 0.00 0.03 0.01 -0.17 0.02 0.14 1.00 0.40 0.10
0.04 -0.01 0.03 0.00 -0.14 0.02 0.50 1.00 0.40 -0.03
0.06 -0.01 0.02 -0.01 -0.07 0.02 2.01 1.00 0.40 -0.07
-0.07 0.01 0.05 0.01 -0.16 0.14 0.14 1.00 0.40 0.08
0.04 -0.01 0.04 0.00 -0.13 0.14 0.50 1.00 0.40 -0.04
0.00 -0.01 0.06 0.00 -0.08 0.14 2.01 1.00 0.40 -0.01
0.01 0.00 0.06 0.00 -0.14 0.37 0.14 1.00 0.40 -0.01
0.14 -0.01 0.05 -0.02 -0.16 0.37 0.50 1.00 0.40 -0.13
-0.05 -0.01 0.09 0.00 -0.07 0.37 2.01 1.00 0.40 0.04
-0.20 0.01 0.05 0.03 -0.25 0.02 0.14 1.00 0.60 0.23
-0.27 0.02 0.07 0.04 -0.22 0.02 0.50 1.00 0.60 0.31
-0.01 -0.03 0.05 0.00 -0.12 0.02 2.01 1.00 0.60 0.01
-0.27 0.02 0.08 0.04 -0.21 0.14 0.14 1.00 0.60 0.31
-0.05 -0.01 0.07 0.01 -0.19 0.14 0.50 1.00 0.60 0.04
-0.28 0.01 0.10 0.04 -0.10 0.14 2.01 1.00 0.60 0.30
-0.13 0.02 0.11 0.02 -0.17 0.37 0.14 1.00 0.60 0.16
-0.04 -0.02 0.06 0.01 -0.16 0.37 0.50 1.00 0.60 0.07
0.04 -0.03 0.10 -0.01 -0.09 0.37 2.01 1.00 0.60 -0.08
0.08 0.00 0.02 -0.01 -0.05 0.02 0.14 0.73 0.20 -0.07
0.11 -0.01 0.01 -0.01 -0.01 0.02 0.50 0.73 0.20 -0.12
0.09 -0.01 0.01 -0.01 -0.01 0.02 2.01 0.73 0.20 -0.09
-0.01 0.00 0.03 0.00 -0.01 0.14 0.14 0.73 0.20 0.02
0.08 -0.01 0.02 -0.01 -0.03 0.14 0.50 0.73 0.20 -0.08
0.08 -0.01 0.03 -0.01 -0.01 0.14 2.01 0.73 0.20 -0.09
-0.02 0.01 0.04 0.00 0.02 0.37 0.14 0.73 0.20 0.04
0.04 0.00 0.03 -0.01 0.02 0.37 0.50 0.73 0.20 -0.04
0.10 -0.01 0.03 -0.01 0.00 0.37 2.01 0.73 0.20 -0.11
-0.16 0.00 0.03 0.02 -0.04 0.02 0.14 0.73 0.40 0.17
0.00 0.00 0.02 0.00 -0.05 0.02 0.50 0.73 0.40 0.02
-0.08 0.01 0.03 0.01 -0.01 0.02 2.01 0.73 0.40 0.11
-0.05 0.00 0.05 0.01 -0.08 0.14 0.14 0.73 0.40 0.06
-0.08 0.00 0.06 0.01 -0.04 0.14 0.50 0.73 0.40 0.09
-0.03 -0.01 0.04 0.01 0.01 0.14 2.01 0.73 0.40 0.04
-0.08 0.01 0.07 0.01 -0.02 0.37 0.14 0.73 0.40 0.09
-0.16 0.02 0.07 0.02 -0.03 0.37 0.50 0.73 0.40 0.19
0.03 -0.01 0.06 0.00 0.00 0.37 2.01 0.73 0.40 -0.02
-0.18 0.01 0.05 0.02 -0.09 0.02 0.14 0.73 0.60 0.19
-0.29 0.02 0.05 0.04 -0.05 0.02 0.50 0.73 0.60 0.33
-0.28 0.03 0.05 0.04 -0.02 0.02 2.01 0.73 0.60 0.33
-0.26 0.00 0.08 0.03 -0.02 0.14 0.14 0.73 0.60 0.27
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Bias with CRiSP (mig; upper) "True" Values See Text

a-a[true] ln(b)-ln(btrue) D-Dtrue P-Ptrue E-Etrue D P E sigma
(P-Ptrue)
*ln(Savg)

-0.20 -0.01 0.07 0.03 -0.03 0.14 0.50 0.73 0.60 0.22
-0.12 0.00 0.07 0.02 -0.01 0.14 2.01 0.73 0.60 0.15
-0.34 0.02 0.11 0.05 -0.05 0.37 0.14 0.73 0.60 0.40
-0.14 0.01 0.08 0.02 0.00 0.37 0.50 0.73 0.60 0.17
-0.19 0.01 0.08 0.03 0.03 0.37 2.01 0.73 0.60 0.20
-0.05 0.01 0.01 0.01 0.03 0.02 0.14 0.00 0.20 0.07
-0.09 0.02 0.01 0.01 0.02 0.02 0.50 0.00 0.20 0.11
-0.05 0.01 0.01 0.01 0.01 0.02 2.01 0.00 0.20 0.07
-0.03 0.01 0.01 0.01 0.03 0.14 0.14 0.00 0.20 0.05
-0.06 0.02 0.01 0.01 0.03 0.14 0.50 0.00 0.20 0.08
-0.02 0.01 0.02 0.00 0.01 0.14 2.01 0.00 0.20 0.03
-0.06 0.01 0.02 0.01 0.04 0.37 0.14 0.00 0.20 0.08
-0.02 0.01 0.02 0.00 0.03 0.37 0.50 0.00 0.20 0.03
-0.02 0.00 0.03 0.00 0.01 0.37 2.01 0.00 0.20 0.03
-0.14 0.02 0.02 0.02 0.08 0.02 0.14 0.00 0.40 0.18
-0.24 0.05 0.02 0.04 0.05 0.02 0.50 0.00 0.40 0.29
-0.22 0.02 0.02 0.03 0.02 0.02 2.01 0.00 0.40 0.25
-0.16 0.02 0.03 0.02 0.08 0.14 0.14 0.00 0.40 0.19
-0.14 0.01 0.03 0.02 0.07 0.14 0.50 0.00 0.40 0.16
-0.09 0.01 0.03 0.01 0.02 0.14 2.01 0.00 0.40 0.11
-0.23 0.03 0.05 0.03 0.10 0.37 0.14 0.00 0.40 0.28
-0.13 0.02 0.05 0.02 0.06 0.37 0.50 0.00 0.40 0.16
-0.07 0.02 0.04 0.01 0.02 0.37 2.01 0.00 0.40 0.09
-0.38 0.05 0.03 0.05 0.14 0.02 0.14 0.00 0.60 0.43
-0.34 0.03 0.03 0.05 0.08 0.02 0.50 0.00 0.60 0.40
-0.13 0.02 0.03 0.02 0.04 0.02 2.01 0.00 0.60 0.18
-0.30 0.02 0.04 0.04 0.12 0.14 0.14 0.00 0.60 0.33
-0.24 0.01 0.04 0.03 0.11 0.14 0.50 0.00 0.60 0.28
-0.33 0.03 0.05 0.05 0.05 0.14 2.01 0.00 0.60 0.36
-0.29 0.03 0.05 0.04 0.15 0.37 0.14 0.00 0.60 0.35
-0.43 0.03 0.11 0.06 0.10 0.37 0.50 0.00 0.60 0.47
-0.24 -0.01 0.08 0.03 0.04 0.37 2.01 0.00 0.60 0.24

medians given below:
-0.06 0.01 0.04 0.01 -0.02 0.14 0.50 0.73 0.40 0.08

Bias with Flush (mig; upper) "True" Values See Text
a-atrue ln(b)-ln(btrue) D-Dtrue P-Ptrue E-Etrue D P E sigma (P-Pt)*ln(Savg)

0.04 0.00 0.00 0.00 -0.06 0.02 0.14 1.00 0.20 -0.03
0.04 0.00 0.01 0.00 -0.06 0.02 0.50 1.00 0.20 -0.04
0.07 0.00 0.01 -0.01 -0.03 0.02 2.01 1.00 0.20 -0.06
0.06 0.00 0.01 -0.01 -0.10 0.14 0.14 1.00 0.20 -0.06
0.02 0.00 0.01 0.00 -0.07 0.14 0.50 1.00 0.20 -0.01
0.10 0.00 0.01 -0.01 -0.03 0.14 2.01 1.00 0.20 -0.10
0.03 0.00 0.03 0.00 -0.07 0.37 0.14 1.00 0.20 -0.03
0.09 0.00 0.01 -0.01 -0.06 0.37 0.50 1.00 0.20 -0.08
0.12 -0.01 0.03 -0.02 -0.03 0.37 2.01 1.00 0.20 -0.12
-0.01 0.00 0.01 0.00 -0.15 0.02 0.14 1.00 0.40 0.03
0.07 -0.01 0.01 -0.01 -0.12 0.02 0.50 1.00 0.40 -0.05
0.10 -0.02 0.01 -0.01 -0.06 0.02 2.01 1.00 0.40 -0.11
-0.03 0.00 0.03 0.00 -0.14 0.14 0.14 1.00 0.40 0.03
0.06 -0.01 0.02 -0.01 -0.11 0.14 0.50 1.00 0.40 -0.06
0.07 -0.02 0.03 -0.01 -0.06 0.14 2.01 1.00 0.40 -0.08
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Bias with Flush (mig; upper) "True" Values See Text
a-atrue ln(b)-ln(btrue) D-Dtrue P-Ptrue E-Etrue D P E sigma (P-Pt)*ln(Savg)

0.05 -0.01 0.05 -0.01 -0.13 0.37 0.14 1.00 0.40 -0.05
0.14 -0.01 0.03 -0.02 -0.15 0.37 0.50 1.00 0.40 -0.13
0.05 -0.02 0.05 -0.01 -0.06 0.37 2.01 1.00 0.40 -0.07
-0.16 0.01 0.01 0.02 -0.19 0.02 0.14 1.00 0.60 0.19
-0.05 0.01 0.02 0.01 -0.18 0.02 0.50 1.00 0.60 0.08
0.11 -0.03 0.01 -0.01 -0.09 0.02 2.01 1.00 0.60 -0.10
-0.33 0.04 0.05 0.05 -0.16 0.14 0.14 1.00 0.60 0.39
-0.03 -0.01 0.04 0.01 -0.15 0.14 0.50 1.00 0.60 0.04
-0.27 0.02 0.06 0.04 -0.08 0.14 2.01 1.00 0.60 0.29
-0.13 0.02 0.08 0.02 -0.18 0.37 0.14 1.00 0.60 0.16
-0.11 -0.01 0.06 0.02 -0.15 0.37 0.50 1.00 0.60 0.15
0.07 -0.03 0.06 -0.01 -0.07 0.37 2.01 1.00 0.60 -0.10
0.10 0.00 0.01 -0.01 -0.02 0.02 0.14 0.73 0.20 -0.09
0.13 -0.02 0.00 -0.02 0.01 0.02 0.50 0.73 0.20 -0.14
0.12 -0.01 0.00 -0.02 0.00 0.02 2.01 0.73 0.20 -0.12
0.02 0.00 0.01 0.00 0.02 0.14 0.14 0.73 0.20 -0.02
0.10 -0.01 0.01 -0.01 0.00 0.14 0.50 0.73 0.20 -0.10
0.10 -0.02 0.02 -0.01 0.00 0.14 2.01 0.73 0.20 -0.11
0.00 0.01 0.02 0.00 0.04 0.37 0.14 0.73 0.20 0.02
0.03 0.00 0.02 0.00 0.03 0.37 0.50 0.73 0.20 -0.02
0.11 -0.01 0.02 -0.01 0.00 0.37 2.01 0.73 0.20 -0.11
-0.09 0.00 0.01 0.01 -0.01 0.02 0.14 0.73 0.40 0.10
0.05 0.00 0.01 0.00 -0.03 0.02 0.50 0.73 0.40 -0.03
-0.05 0.01 0.01 0.01 0.00 0.02 2.01 0.73 0.40 0.07
-0.02 0.00 0.03 0.00 -0.06 0.14 0.14 0.73 0.40 0.03
-0.02 0.00 0.03 0.00 -0.01 0.14 0.50 0.73 0.40 0.03
-0.03 -0.01 0.02 0.00 0.02 0.14 2.01 0.73 0.40 0.03
-0.06 0.01 0.04 0.01 0.01 0.37 0.14 0.73 0.40 0.07
-0.16 0.02 0.05 0.02 -0.01 0.37 0.50 0.73 0.40 0.19
0.04 -0.01 0.04 0.00 0.01 0.37 2.01 0.73 0.40 -0.02
-0.16 0.01 0.02 0.02 -0.05 0.02 0.14 0.73 0.60 0.18
-0.21 0.02 0.02 0.03 -0.01 0.02 0.50 0.73 0.60 0.25
-0.19 0.02 0.02 0.03 0.01 0.02 2.01 0.73 0.60 0.24
-0.23 0.00 0.04 0.03 0.02 0.14 0.14 0.73 0.60 0.25
-0.17 -0.01 0.04 0.02 -0.02 0.14 0.50 0.73 0.60 0.19
-0.07 0.00 0.03 0.01 0.01 0.14 2.01 0.73 0.60 0.11
-0.33 0.02 0.08 0.05 -0.04 0.37 0.14 0.73 0.60 0.40
-0.13 0.01 0.05 0.02 0.02 0.37 0.50 0.73 0.60 0.17
-0.18 0.01 0.04 0.03 0.04 0.37 2.01 0.73 0.60 0.20
-0.04 0.01 0.01 0.01 0.03 0.02 0.14 0.00 0.20 0.06
-0.07 0.02 0.00 0.01 0.03 0.02 0.50 0.00 0.20 0.09
-0.02 0.01 0.00 0.01 0.01 0.02 2.01 0.00 0.20 0.04
-0.04 0.01 0.01 0.01 0.04 0.14 0.14 0.00 0.20 0.06
-0.06 0.02 0.01 0.01 0.03 0.14 0.50 0.00 0.20 0.08
-0.03 0.01 0.01 0.00 0.01 0.14 2.01 0.00 0.20 0.04
-0.07 0.01 0.02 0.01 0.04 0.37 0.14 0.00 0.20 0.08
-0.01 0.00 0.02 0.00 0.03 0.37 0.50 0.00 0.20 0.02
-0.04 0.00 0.02 0.01 0.01 0.37 2.01 0.00 0.20 0.05
-0.09 0.02 0.01 0.02 0.08 0.02 0.14 0.00 0.40 0.12
-0.18 0.04 0.01 0.03 0.06 0.02 0.50 0.00 0.40 0.23
-0.16 0.02 0.01 0.02 0.02 0.02 2.01 0.00 0.40 0.20
-0.09 0.01 0.02 0.01 0.08 0.14 0.14 0.00 0.40 0.12
-0.12 0.01 0.02 0.02 0.06 0.14 0.50 0.00 0.40 0.14
-0.06 0.01 0.02 0.01 0.03 0.14 2.01 0.00 0.40 0.08
-0.22 0.03 0.05 0.03 0.09 0.37 0.14 0.00 0.40 0.26
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Bias with Flush (mig; upper) "True" Values See Text
a-atrue ln(b)-ln(btrue) D-Dtrue P-Ptrue E-Etrue D P E sigma (P-Pt)*ln(Savg)
-0.15 0.02 0.05 0.02 0.06 0.37 0.50 0.00 0.40 0.18
-0.04 0.01 0.03 0.01 0.02 0.37 2.01 0.00 0.40 0.06
-0.40 0.05 0.01 0.06 0.15 0.02 0.14 0.00 0.60 0.45
-0.32 0.03 0.01 0.05 0.08 0.02 0.50 0.00 0.60 0.38
-0.16 0.03 0.02 0.03 0.04 0.02 2.01 0.00 0.60 0.22
-0.28 0.03 0.02 0.04 0.13 0.14 0.14 0.00 0.60 0.32
-0.23 0.02 0.03 0.03 0.10 0.14 0.50 0.00 0.60 0.27
-0.31 0.03 0.03 0.04 0.05 0.14 2.01 0.00 0.60 0.34
-0.32 0.03 0.06 0.05 0.14 0.37 0.14 0.00 0.60 0.37
-0.44 0.03 0.10 0.06 0.12 0.37 0.50 0.00 0.60 0.48
-0.23 -0.01 0.07 0.03 0.04 0.37 2.01 0.00 0.60 0.22

medians given below:
-0.04 0.00 0.02 0.01 0.00 0.14 0.50 0.73 0.40 0.06

Table E-2: Correlation between columns of Table E-1. This illustrates the dependence of bias on Ricker “a” on
the bias in depensation parameter “P”.

CRiSP a-atrue
ln(b)-

ln(btrue) D-Dtrue P-Ptrue E-Etrue D P E
a-atrue 1.000

ln(b)-ln(btrue) -0.736 1.000
D-Dtrue -0.456 -0.024 1.000
P-Ptrue -0.997 0.769 0.426 1.000
E-Etrue -0.320 0.476 -0.248 0.335 1.000

D 0.077 -0.115 0.481 -0.080 0.100 1.000
P 0.178 -0.271 0.014 -0.193 0.104 0.000 1.000
E 0.436 -0.615 0.272 -0.454 -0.816 0.000 0.000 1.000

FLUSH a-atrue
ln(b)-

ln(btrue) D-Dtrue P-Ptrue E-Etrue D P E
a-atrue 1.000

ln(b)-ln(btrue) -0.779 1.000
D-Dtrue -0.492 0.107 1.000
P-Ptrue -0.997 0.803 0.468 1.000
E-Etrue -0.413 0.465 -0.053 0.409 1.000

D -0.035 -0.086 0.674 0.017 0.053 1.000
P 0.205 -0.284 -0.050 -0.218 0.073 0.000 1.000
E 0.487 -0.600 0.052 -0.488 -0.790 0.000 0.000 1.000
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Results of the Monte Carlo trials indicate that our original concern of negative bias in depensation
parameter P is misplaced. Instead, it appears that P is well estimated, though with a slight upward bias. A
consequence of the upward bias in P is that it imparts an offsetting negative bias to the Ricker “a” as can be
seen by the r = -.997 correlation in bias between those two parameters. The magnitude of any error in
depensation is magnified in the recruitment model because the depensation term occurs as a multiplicative
factor of logarithm of spawners – the last column of Table E-1 illustrates the effect of the magnification of
depensation errors. In our actual applications, fall BSM estimates of depensation are negligible [on order
10**(-6)] and thus little bias would be expected.

A small positive bias is present in the MP estimate of parameter D in absolute terms.

Bias is small in the Ricker “b” coefficient because a .01-.02 change in ln(b) corresponds to a 1%-2% change
in the “b” coefficient.

The small bias in spawner effectiveness E is negatively correlated with the “true” value assumed for
effectiveness. Thus, bias is positive for scenarios with a true E=0.0 and negative for scenarios with a true
E=1.0. Bias varies in both directions for the intermediate E=0.73 scenarios.

Bias is small in comparison to the standard deviation of the errors in parameter estimates, as seen in
Table E-3. The simulations illustrate that we should not expect parameter estimates to be precise when
sigma = 0.6, which is slightly larger than the standard deviation of recruitment error estimated for Snake
River fall chinook (~0.54).

Bias and standard deviation of all parameters increased with increasing sigma.
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Table E-3: Standard deviations of ML parameter estimates for simulation trials. Results reported below
correspond to simulations with CRiSP passage model input; results are similar with FLUSH input.

Standard Deviation with CRiSP (mig; upper) "True" Values

a-atrue
ln(b)-

ln(btrue) D-Dtrue P-Ptrue E-Etrue D P E sigma
0.33 0.06 0.02 0.05 0.14 0.02 0.14 1.00 0.20
0.41 0.08 0.02 0.06 0.12 0.02 0.50 1.00 0.20
0.45 0.08 0.02 0.06 0.06 0.02 2.01 1.00 0.20
0.36 0.06 0.04 0.05 0.17 0.14 0.14 1.00 0.20
0.41 0.07 0.04 0.06 0.13 0.14 0.50 1.00 0.20
0.41 0.07 0.04 0.06 0.07 0.14 2.01 1.00 0.20
0.35 0.07 0.07 0.05 0.15 0.37 0.14 1.00 0.20
0.40 0.07 0.07 0.05 0.11 0.37 0.50 1.00 0.20
0.43 0.07 0.07 0.06 0.06 0.37 2.01 1.00 0.20
0.75 0.13 0.05 0.10 0.25 0.02 0.14 1.00 0.40
0.79 0.14 0.05 0.11 0.23 0.02 0.50 1.00 0.40
0.86 0.15 0.06 0.12 0.12 0.02 2.01 1.00 0.40
0.68 0.13 0.09 0.10 0.27 0.14 0.14 1.00 0.40
0.81 0.14 0.07 0.11 0.20 0.14 0.50 1.00 0.40
0.87 0.14 0.10 0.12 0.13 0.14 2.01 1.00 0.40
0.74 0.13 0.15 0.10 0.24 0.37 0.14 1.00 0.40
0.79 0.15 0.15 0.11 0.23 0.37 0.50 1.00 0.40
0.90 0.14 0.17 0.12 0.11 0.37 2.01 1.00 0.40
0.97 0.19 0.09 0.13 0.34 0.02 0.14 1.00 0.60
1.33 0.21 0.12 0.19 0.29 0.02 0.50 1.00 0.60
1.34 0.22 0.10 0.19 0.17 0.02 2.01 1.00 0.60
1.06 0.19 0.17 0.15 0.33 0.14 0.14 1.00 0.60
1.11 0.19 0.15 0.16 0.28 0.14 0.50 1.00 0.60
1.43 0.22 0.19 0.20 0.16 0.14 2.01 1.00 0.60
0.98 0.19 0.25 0.13 0.31 0.37 0.14 1.00 0.60
1.34 0.21 0.23 0.19 0.25 0.37 0.50 1.00 0.60
1.06 0.20 0.23 0.15 0.15 0.37 2.01 1.00 0.60
0.40 0.07 0.02 0.06 0.20 0.02 0.14 0.73 0.20
0.46 0.08 0.02 0.06 0.15 0.02 0.50 0.73 0.20
0.54 0.09 0.02 0.08 0.08 0.02 2.01 0.73 0.20
0.48 0.08 0.05 0.07 0.21 0.14 0.14 0.73 0.20
0.56 0.09 0.05 0.08 0.15 0.14 0.50 0.73 0.20
0.59 0.09 0.06 0.08 0.09 0.14 2.01 0.73 0.20
0.46 0.07 0.09 0.06 0.19 0.37 0.14 0.73 0.20
0.60 0.10 0.10 0.08 0.18 0.37 0.50 0.73 0.20
0.58 0.09 0.10 0.08 0.09 0.37 2.01 0.73 0.20
0.76 0.14 0.06 0.11 0.30 0.02 0.14 0.73 0.40
0.87 0.15 0.05 0.12 0.26 0.02 0.50 0.73 0.40
1.02 0.16 0.05 0.14 0.15 0.02 2.01 0.73 0.40
0.84 0.14 0.11 0.12 0.30 0.14 0.14 0.73 0.40
1.06 0.18 0.11 0.15 0.26 0.14 0.50 0.73 0.40
1.16 0.16 0.11 0.16 0.16 0.14 2.01 0.73 0.40
0.78 0.14 0.19 0.11 0.28 0.37 0.14 0.73 0.40
1.15 0.17 0.19 0.16 0.27 0.37 0.50 0.73 0.40
1.16 0.17 0.19 0.16 0.15 0.37 2.01 0.73 0.40
1.07 0.20 0.10 0.15 0.35 0.02 0.14 0.73 0.60
1.48 0.23 0.10 0.21 0.30 0.02 0.50 0.73 0.60
1.50 0.25 0.10 0.21 0.20 0.02 2.01 0.73 0.60
1.10 0.19 0.16 0.15 0.34 0.14 0.14 0.73 0.60
1.52 0.24 0.17 0.21 0.32 0.14 0.50 0.73 0.60
1.58 0.24 0.17 0.22 0.21 0.14 2.01 0.73 0.60
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Standard Deviation with CRiSP (mig; upper) "True" Values

a-atrue
ln(b)-

ln(btrue) D-Dtrue P-Ptrue E-Etrue D P E sigma
1.23 0.20 0.28 0.17 0.33 0.37 0.14 0.73 0.60
1.60 0.24 0.31 0.22 0.28 0.37 0.50 0.73 0.60
1.51 0.24 0.32 0.21 0.21 0.37 2.01 0.73 0.60
0.30 0.06 0.02 0.04 0.06 0.02 0.14 0.00 0.20
0.40 0.07 0.02 0.06 0.04 0.02 0.50 0.00 0.20
0.35 0.07 0.02 0.05 0.02 0.02 2.01 0.00 0.20
0.34 0.06 0.04 0.05 0.05 0.14 0.14 0.00 0.20
0.43 0.07 0.04 0.06 0.05 0.14 0.50 0.00 0.20
0.47 0.08 0.05 0.06 0.02 0.14 2.01 0.00 0.20
0.34 0.06 0.07 0.05 0.06 0.37 0.14 0.00 0.20
0.40 0.07 0.07 0.05 0.05 0.37 0.50 0.00 0.20
0.43 0.07 0.07 0.06 0.02 0.37 2.01 0.00 0.20
0.67 0.13 0.04 0.09 0.15 0.02 0.14 0.00 0.40
0.81 0.14 0.04 0.11 0.10 0.02 0.50 0.00 0.40
0.75 0.13 0.04 0.11 0.04 0.02 2.01 0.00 0.40
0.65 0.13 0.09 0.09 0.16 0.14 0.14 0.00 0.40
0.81 0.14 0.08 0.11 0.11 0.14 0.50 0.00 0.40
0.77 0.14 0.09 0.11 0.05 0.14 2.01 0.00 0.40
0.77 0.13 0.17 0.10 0.18 0.37 0.14 0.00 0.40
0.81 0.14 0.16 0.11 0.10 0.37 0.50 0.00 0.40
0.84 0.13 0.16 0.12 0.04 0.37 2.01 0.00 0.40
1.01 0.18 0.07 0.14 0.22 0.02 0.14 0.00 0.60
1.19 0.21 0.06 0.17 0.13 0.02 0.50 0.00 0.60
0.89 0.18 0.07 0.13 0.07 0.02 2.01 0.00 0.60
0.94 0.19 0.12 0.13 0.23 0.14 0.14 0.00 0.60
1.11 0.19 0.14 0.15 0.20 0.14 0.50 0.00 0.60
1.23 0.20 0.17 0.17 0.07 0.14 2.01 0.00 0.60
1.11 0.19 0.23 0.15 0.27 0.37 0.14 0.00 0.60
1.23 0.21 0.25 0.17 0.17 0.37 0.50 0.00 0.60
1.28 0.21 0.24 0.18 0.07 0.37 2.01 0.00 0.60

medians given below:
0.81 0.14 0.09 0.11 0.16 0.14 0.50 0.73 0.40

E.2 Exceptional Observations

A. Analysis of Cook's distance and potential equilibrium spawners.

Introduction

We used a standard influence diagnostic, Cook's distance, to find which observations have a particularly
large effect on the fall chinook life cycle parameter estimates. An observation is not "bad" simply because it
has a high influential-data diagnostic (Belsley 1991). Observations with large influence (large Cook's
distance) should be subject to additional scrutiny in order to determine whether they appropriate to the
analysis (Cook and Weisberg 1982; Weisberg 1985). If an observation is both influential and inappropriate
it can adversely effect the substantive inferences. An observation may be inappropriate for many reasons.
For example, it may have large measurement error, which means that it's influence may be due to
misinterpreting noise as part of an important signal. Or the observation, perhaps measured with negligible
error, may be attributed to the wrong effect in the model. In either case it is possible to correct the difficulty
by either removing the observation from the analysis or improving the model.
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We discovered that, regardless of the life-cycle model employed, observations BY1968 and BY1991 had
large influence on the parameter estimates. BY1968 affects the Ricker-a and b estimates for all life-cycle
models, omitting the observation decreases the estimated potential equilibrium spawners by 2,500-8,000
depending on the action and hypothesis employed. The most important influence is that of BY1991 on the
FALLD life-cycle model's estimate of the D parameter. When BY1991 is omitted, the value of D increases
by more than a factor of 5, with estimated potential equilibrium spawners increasing by more that 10,000
for transportation actions. This is a highly unstable situation, where our estimate of the effectiveness of
transportation, which is low for the FALLD model, depends critically on a single observation. This
sensitivity is due to a extremely low log(Recruits/Spawner) for BY1991 coincident with a large proportion
of transported fish.

In the FALLS models, where D is not estimated from the spawner-recruit data but is specified at a value >
0.20, the anomalous BY1991 observation is instead explained by a common year effect between the Snake
and Deschutes populations. (The Deschutes population, as it turns out, also has an anomalously low
log(R/S) in BY1991, making BY1991 highly influential on the common year effect parameter, g.) This
sensitivity, we argue, should make little difference on the ability of actions to meet the jeopardy standards
(based on equilibrium spawner calculations). This stands in stark contrast to estimate of D in the FALLD
model where the ability of transportation actions to meet the jeopardy standards are hugely influenced by
BY1991.

Methods

For convenience, the Cook's diagnostics were performed on slightly different models than those used in the
retrospective life-cycle analysis. We made two modifications: (1) We did not estimate the Deschutes model
parameters jointly with the Snake model parameters, instead they were estimated in two separate maximum
likelihood estimation procedures. First we estimated the residuals of a Ricker spawner-recruit model fit to
the Deschutes data, then we used these residuals as a covariate in the fit of the Snake life-cycle model to the
Snake data. (2) We did not specify a prior distribution of the Ricker-b of the Snake model. (Recall that in
the retrospective analysis, log(b) had a prior normal distribution with mean log(1/5000) and a variance of
0.25.) There was little difference in the estimates derived through this simple maximum likelihood method
(MLE) and the maximum joint probability method (MP) (See Tables E-4a-c below). Therefore, we would
not expect the results to change if we used the maximum joint probability method instead.

Table.E-4a: Comparison of MLE and MP estimates. FALLD model.

CRiSP (c5.txt) FLUSH (f5.txt)
Parameter MLE MP Std. Err Std. Diff MLE MP Std. Err Std. Diff
a 3.769 3.803 0.138 0.247 4.358 4.376 0.155 0.113
b 1.271E-04 1.340E-04 2.331E-05 0.300 1.509E-04 1.549E-04 2.590E-05 0.155
E 0.728 0.781 0.584 0.091 0.855 0.870 0.687 0.023
g 0.718 0.748 0.252 0.120 0.756 0.754 0.274 -0.006
E 0.047 0.033 0.065 -0.214 0.039 0.034 0.042 -0.135
Note: The standard errors are those calculated by the MLE method.
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Table E-4b: Comparison of MLE and MP estimates. FALLS model (D=.2)

CRiSP (c5.txt) FLUSH (f5.txt)
Parameter MLE MP Std. Err Std. Diff. MLE MP Std. Error Std. Diff.
a 3.713 3.770 0.213 0.267 4.155 4.209 0.241 0.221
b 1.211E-04 1.310E-04 2.882E-05 0.342 1.310E-04 1.402E-04 3.256E-05 0.282
E 0.327 0.306 0.303 -0.071 0.206 0.194 0.280 -0.043
g 0.856 0.878 0.250 0.089 0.878 0.893 0.280 0.052
STEP -0.107 -0.132 0.242 -0.104 -0.022 -0.026 0.271 -0.012
Note: The standard errors are those calculated by the MLE method.

Table E-4c: Comparison of MLE and MP estimates. FALLS model (D=1.0)

CRiSP (c5.txt) FLUSH (f5.txt)
Parameter MLE MP Std. Error Std. Diff. MLE MP Std. Error Std. Diff.
a 3.708 3.779 0.256 0.277 4.151 4.216 0.285 0.230
b 1.203E-04 1.326E-04 3.454E-05 0.356 1.301E-04 1.415E-04 3.856E-05 0.295
E 0.0 0.0 NA 0.000 0.0 0.0 NA 0.000
g 1.061 1.087 0.276 0.095 1.065 1.097 0.308 0.103
STEP -0.683 -0.682 0.275 0.002 -0.842 -0.810 0.307 0.106
Note: The standard errors are those calculated by the MLE method.

Cook's distance was calculated for the FALLD life cycle model, which estimates D directly from the
spawner-recruit data, and the FALLS version of the model where D is either 0.20 or 1.0. The FALLD and
FALLS models are of the form:

log(R/S)=a-b*S-M+log(DP+1-P)+STEP+g*(Deschutes resids)+ε, (FALLD and FALLS life-cycle models)
S = Swild + E*Ssupp

where a and b are the Ricker parameters, Swild is the number of wild spawners, Ssupp is the number of
supplemented spawners, E is a parameter representing the effectiveness of supplemented spawners, M is the
passage mortality, P is the proportion of smolts below Bonneville that were transported, and D is the ratio
of post-Bonneville survival of transported fish to post-Bonneville survival of non-transported fish. The
FALLD model STEP=0 by assumption. In the FALLS model, STEP is estimated as a step in log(R/S)
starting in BY1976. The parameter g is the coefficient of the Deschutes residuals, and ε is a normally
distributed error term.

For comparison, we also included Cook's distance calculations for the life cycle model which included no
passage model output, i.e. the P's and M's of the passage models were ignored. This life-cycle model takes
the form:

log(R/S) = a-b*S +STEP+g*(Deschutes resids)+ε, ("No Passage" life-cycle model)
S = Swild + E*Ssupp
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where STEP (which is an estimated parameter), includes the effects of transportation, passage mortality,
and extra mortality. (Note that this model fit the spawner-recruit data at least as well as models that
included passage model outputs as in the FALLD and FALLS models shown above).

Cook's distance is calculated for each observation and each parameter. It is the squared difference
(measured in terms of standard error) between a parameter estimate when all observations are present and
the estimate when a given observation is omitted. The Cook's distance for a given parameter x with
observation i omitted is denoted di(x). We used the passage input that assumed an upper bound
survival/mile in pre-impoundment reaches (input file c5.txt for CRiSP and f5.txt for FLUSH).

We also calculated the change in MLE potential equilibrium spawners for observations that were highly
influential. This quantity tells us whether we can expect any dramatic changes in the ability of actions to
meet the jeopardy standards when an observation is omitted. It represents the approximate change in
equilibrium spawners (based on MLEs of the life-cycle model) when there is zero harvest and no
supplementation. The approximate equilibrium spawner calculation is based on the equation:

Seq = {log(c)+a-M+STEP+log(DP+1-P)}/b,

where c is the conversion rate. For convenience we approximate the transport actions A2 and A2' by setting
P=1.

Results

Generally, the most influential observations for each of the models explored were BY1968 and BY1991.
The results of the equilibrium spawner analysis, which calculates the change in equilibrium spawners when
the observation is omitted, are given in TABLE E-5 below. Notice the large effect of BY1991 on the MLE
of the potential equilibrium spawner numbers for the full transport action when the FALLD model is used
(and assuming the prospective D is assumed equal to the retrospective D).

Table E-5a: Change in MLE potential equilibrium spawners when brood year 1968 is omitted.

Potential equilibrium spawners when all
data are present.*

Change in potential equilibrium
spawners when 1968 is omitted.

full
transport A3 B1

full
transport A3 B1

FLUSH FALLD 1,553 21,320 23,209 -1,744 -5,180 -5,705
CRISP FALLD -1,405 22,951 24,264 -1,604 -5,134 -5,466
FLUSH FALLS D=.2 12,490 22,851 25,027 -3,772 -7,123 -7,827
CRISP FALLS D=.2 9,150 22,718 24,096 -2,594 -6,824 -7,254
FLUSH FALLS D=1 18,603 16,662 18,853 -5,723 -5,102 -5,803
CRISP FALLS D=1 17,773 18,058 19,446 -5,254 -5,342 -5,769

Note: Action "full transport" uses proportion transported=1, and M=log(0.98)
Actions A3 and B1 use the upper bound for drawdown survival.
FALLD assumes retrospective D used prospectively.
For the FALLS model, only the BKD extra mortality hypothesis was used.
When potential equilibrium spawners < 0, then 0 spawners is a stable equilibrium.
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Table E-5b: Change in MLE potential equilibrium spawners when brood year 1991 is omitted.

Potential equilibrium spawners when
all data are present.*

Change in potential equilibrium
spawners when 1991 is omitted.

full
transport A3 B1

full
transport A3 B1

FLUSH FALLD 1,553 21,320 23,209 +10,331 +884 +1,037
CRISP FALLD -1,405 22,951 24,264 +11,146 +678 +746
FLUSH FALLS D=.2 12,490 22,851 25,027 +864 +825 +816
CRISP FALLS D=.2 9,150 22,718 24,096 +747 +711 +707
FLUSH FALLS D=1 18,603 16,662 18,853 +946 +945 +946
CRISP FALLS D=1 17,773 18,058 19,446 +923 +924 +924
Note: Action "full transport" uses proportion transported=1, and M=log(0.98)

Actions A3 and B1 use the upper bound for drawdown survival.
FALLD assumes retrospective D used prospectively.
For the FALLS model, only the BKD extra mortality hypothesis was used.
*When potential equilibrium spawners < 0, then 0 spawners is a stable equilibrium

FALLD LIFE-CYCLE MODEL

The results of the influence diagnostics are summarized in Tables E-6a (CRiSP results) and E-6b (FLUSH
results). The estimate of D, critical in determining the success of the transportation actions A2 and A2'
meeting the jeopardy standards relative to the drawdown actions A3 and B1, was very sensitive to the
deletion of brood year 1991 for both CRiSP and FLUSH. The D parameter's Cook's distances for brood year
1991 were 5.0975 and 11.7562 for CRiSP and FLUSH, respectively (Figures E-1a and E-1b). These
represent changes of the MLE of D from 0.047 and 0.039 (with the observation present) to 0.193 and 0.184
for CRiSP and FLUSH (Tables E-6a and E-7b). These changes which are important for our inferences on
the ability of A2 and A2' to meet the jeopardy standards. When brood year 1991 is omitted, and full
transportation is implemented (P=1), we expect approximately 11,146 (CRiSP) and 10,331 (FLUSH)
additional potential spawners. This will likely have a large effect on the abilities of actions A2 and A2' to
meet the survival and jeopardy standards.

Brood year 1968 is also exceptional. It exerts a large influence on the Ricker-b parameter estimate, with a
Cook's distance of 3.3795 and 5.0345 for CRiSP and FLUSH, respectively (Tables E-6a and E-7b). When
1968 is omitted, the Ricker-b estimates change from 0.000127 and 0.000151 to 0.000170 and 0.000209, for
CRiSP and FLUSH respectively. These changes might appear small, but an equilibrium analysis shows that
when 1968 is omitted, the MLE of potential equilibrium spawners for the full transportation action decrease
by approximately 1,604 (CRiSP) and 1,744 (FLUSH). The drawdown actions also show decreases in
equilibrium values when BY1968 is omitted: approximately 5,134 (CRiSP) and 5,180 (FLUSH) less
spawners for action A3 and 5,466 (CRiSP) and 5,705 (FLUSH) less spawners for action B1.
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Figure E-1a: Cook’s Distances when using CRiSP for passage model input. FALLD life-cycle model.

Figure E-1b: Cook’s Distances when using FLUSH for passage model input. FALLD life-cycle model.

FALLS LIFE-CYCLE MODEL (D=0.2 and D=1.0)
Brood years 1968 and 1991 continue to be highly influential in the FALLS model where D is specified and
a shift in log(R/S) starting in 1976 is estimated instead. The results for D=0.2 are given in Tables E-7a
(CRiSP) and E-7b (FLUSH). The results for D=1.0 are given in Tables E-8a (CRiSP) and E-8b (FLUSH).
In all cases of the FALLS model, regardless of what D is chosen and what passage model is chosen, the
Ricker-b is highly influenced by BY1968. The Ricker-b Cook's distance for BY1968 lies in the approximate
range 2.4-3.7. When BY1968 is omitted, the Ricker-b increases by about 1.5-2 standard errors from its
original MLE value. What effect does this have on equilibrium spawners? For example, take the case where
D=0.2 and FLUSH is used with the BKD extra mortality hypothesis. The MLE of the Ricker-b changes
from 1.31E-04 to 1.94E-04 and the Ricker-a (also influenced by BY1968) changes from 4.16 to 4.40. Using
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the same techniques demonstrated above, the MLE of potential equilibrium spawners decrease by
approximately 3,772, 7,123, and 7,827 for the full transportation, A3, and B1 actions, respectively (TABLE
E-5). Thus the presence of BY1968 increases the ability of all actions to meet the jeopardy standards
because of its large influence on the Ricker-a and Ricker-b parameters.

The year effect parameter, g, is the parameter most influenced by the BY1991 observation. When it is
absent, it decreases considerably, regardless of whether D=0.2 or D=1.0 and regardless of which passage
model is used (CRiSP or FLUSH). The g parameter Cook's distances for the BY1991 observation range
from 1.5 to 2.6. The g parameter decreases by approximately 1.2-1.6 standard errors when the BY1991
observation is removed. What this shows is that in the absence of using a low D to explain the low log(R/S)
residual for BY1991 (as is done in the FALLD model), the FALLS model uses the common year effect
parameter g to explain it (note that the Deschutes S-R residual was low in BY1991). Note even when the
passage model outputs are not present (i.e. the "No Passage" life-cycle model used) the fitted model uses
the common year effect parameter to explain the exceptional BY1991observation (Table E-9). (To see the
relatively low log(R/S) for BY1991, see Table E-10). Not that the parameter g does not effect equilibrium
spawners since it multiplies a covariate that sums to zero (the Deschutes residuals). Since the effect of
BY1991 on other parameters is small (see Tables E-7a and b and Tables E-8a and b), we expect little
change in potential equilibrium spawners, therefore, there will likely be a small difference in the probability
of meeting the jeopardy standards if BY1991 is removed. (This is very different from the case where the
FALLD model is used.)

BY1990 influences the estimate of E when D=0.2 (Tables E-7a and E-7b). When BY1990 is omitted, the
MLE of E decreases from 0.33 and 0.21 to 0.03 and 0.06 for CRiSP and FLUSH, respectively. These
represent Cook's distances of 0.996 for CRiSP and 0.258 for FLUSH. However, notice that the standard
errors for the MLE of E are 0.30 (CRiSP) and 0.28 (FLUSH) (Table E-4b), so none of the E estimates are
significantly different from zero when D=0.2. Thus it is unclear whether omitting BY1990 will have much
of an effect on the ability of actions to meet the jeopardy standards when D=0.2 despite the fact that the
Cook’s distance appears large for CRiSP (0.996).

Discussion

FALLD LIFE-CYCLE MODEL
Our inferences about the effectiveness of transportation are strongly influenced by the BY1991 and
BY1968 observations. When BY1991 is omitted, the estimate of D is near 0.20, when BY1991 is present, D
is estimated to be near 0.05. Equilibrium analysis showed that this change in the estimate of D can produce
roughly 11,000 additional spawners for the transportation actions (if the MLE of D is used prospectively).
We are concerned that a single data point has such large effect on our inferences. Large measurement error
or incorrectly specifying the model can adversely effect our ability to make population projections. It is
possible but unlikely that the model is correctly specified and measurement error does not adversely affect
our estimation procedure when a single data point exerts such enormous influence. As the life cycle model
is formulated, the low log(R/S) of 0.343 from BY1991 may only be explained through a small D, poor
effectiveness of supplemented spawners, or a large negative Deschutes S-R residual (i.e. a common year
effect with Deschutes) (See Table E-10). The current model structure has identified poor effectiveness
transportation as the cause for low Snake log(R/S) in BY1991 (migration year 1992), but other factors,
perhaps one not included in the life cycle model, may be responsible. Recall that for the Snake River spring
chinook, migration year 1992 also had very low log(R/S), even after the common year effects with lower
river stocks were accounted for. (For spring chinook exp(-mu-nX) for BY1990 [migration year 1992] was
only 20% of exp(-mu-nX) for the BY1970-1989 average).
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One of the reasons BY1991 is so influential is that it has a large value of P (the proportion of fish arriving
below Bonneville that were transported), the proportion transported for BY1991 was 0.94 compared to a
BY1976-BY1991 average of 0.58. Such observations are known to have high "leverage" and can be highly
influential (Weisberg 1985). Thus the low log(R/S) (0.343) associated with BY1991 almost guarantees that
D will be low (See Table E-10). Note that the relatively high log(R/S) associated with BY1990 contradicts
the notion that transportation is as ineffective as the low MLE of D implies. The BY1990 observation also
has a high proportion of fish transported (P=0.922) and relatively high log(R/S) = 2.739 compared to
average log(R/S) for period BY1980-1991 of 1.909 (See Table E-10).

The 1968 observation has a large influence on the Ricker-b estimate because it has high leverage with
respect to the number of spawners. The estimated number of spawners in BY1968 was 17,556 (the highest
number in the data set) compared to an average of 2,876 for BY1964-1991. The net result was a decrease in
the estimate of b when this data point was included (excluding the data point increases b from its MLE of
from 1.27E-04 to 1.70E-04 [using CRiSP input]). This observation deserves special scrutiny because, as we
demonstrated above, its deletion can decrease the MLE of potential equilibrium spawner numbers by more
that 1,500 for the transportation actions and more that 5,000 for the drawdown actions (TABLE E-5).

FALLS LIFE-CYCLE MODEL (D=0.2 and D=1.0)
The influence diagnostics showed that BY1968 and BY1991 strongly effect the life-cycle model parameter
estimates. BY1968 has a large influence on the Ricker-a and Ricker-b parameter estimates: deleting the
observation decreases the MLE of potential equilibrium spawners by about 2,500 -8,000 (depending on the
fixed value of D, action, and passage model input). This may have a large effect on the ability of actions to
meet the jeopardy standards. BY1991 exerts its greatest influence on the year-effect parameter, g, which is
the coefficient for the Deschutes residuals in the Snake life-cycle model. Since in the FALLS model, the Ds
are high (relative to the FALLD model), the low log(R/S) for BY1991 is no longer explained by poor D.
Instead the least squares procedure sets g at a large value, exploiting the fact that the log(R/S) residual for
the Deschutes is small in BY1991 (Table E-10). Thus the FALLS models (which set D>=0.20) essentially
use the low Deschutes residual in BY1991 to explain the low log(R/S) for the Snake in BY1991. (The "No
Passage" life-cycle model also uses the Deschutes residuals to explain the low log(R/S) in BY1991 [Table
E-9]). This demonstrates the confounding between the effect of transportation (measured using D) and the
"common year effect" (measured using g) that occurs in the FALLD model. Despite the fact that g is largely
influenced by BY1991, there will be little effect on the MLE of potential equilibrium spawners when the
observation is omitted, because g multiplies a covariate that sums to zero (the Deschutes residuals).

BY1990 influences the estimate of E when D=0.2 (Tables E-7a and E-7b). When BY1990 is omitted, the
MLE of E decreases from 0.33 and 0.21 to 0.03 and 0.06 for CRiSP and FLUSH, respectively. However,
the standard error of the E estimate is fairly large (standard error =0.30 and 0.28 for CRiSP and FLUSH,
respectively), so none of the E estimates are significantly different from zero to begin with. Therefore it is
unclear that removing BY1990 in the analysis will have much of an effect on the ability of the actions to
meet the jeopardy standards. Certainly omitting BY1990 will decrease the ability of supplemented spawners
to improve survival and recovery probabilities.

Conclusions

1. Given the large influence of BY1968 on the estimates of a and b, and hence the estimated potential
equilibrium spawner numbers, it would be worthwhile to rerun the BSM analysis without this data point
to gauge whether it is effecting the probability of actions to meet the survival and recovery standards.
Our analysis shows that the MLE of potential equilibrium spawners can decrease by 2,500-8,000
(depending on hypothesis and action) when BY1968 is omitted.
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2. Using the FALLD model to get a reliable estimate D directly from the spawner-recruit data is difficult
because the effect of transportation is confounded with other mortality factors. The high sensitivity of
the D estimate to the BY1991 observation exacerbates this difficulty. We demonstrated that when
BY1991 is omitted the transportation actions show roughly 11,000 more potential equilibrium
spawners. The FALLD model requires that BY1991spawner recruit observation have low measurement
error and that the low log(R/S) for BY1991 is due to the effect of transportation, not some confounding
factor; otherwise the inferences on transportation effectiveness are suspect.

Table E-6a: Cook's distances using CRiSP with FALLD life-cycle model. Values of parameter estimates (MLEs)
when specific brood years are removed from the data set are also given. The D parameter was estimated
from the spawner-recruit data (FALLD life-cycle model).

MLEs Cook's Distance
Brood Yr mle a mle b mle E mle g mle D d(a) d(b) d(E) d(g) d(D)
1964 3.778 1.201E-04 0.724 0.708 0.044 0.004 0.089 0.000 0.001 0.002
1965 3.770 1.270E-04 0.728 0.718 0.047 0.000 0.000 0.000 0.000 0.000
1966 3.771 1.175E-04 0.725 0.712 0.045 0.000 0.168 0.000 0.001 0.001
1967 3.776 1.333E-04 0.729 0.717 0.046 0.002 0.071 0.000 0.000 0.000
1968 3.880 1.699E-04 0.707 0.668 0.030 0.648 3.379 0.001 0.039 0.067
1969 3.767 1.271E-04 0.729 0.719 0.047 0.000 0.000 0.000 0.000 0.000
1970 3.757 1.273E-04 0.731 0.726 0.050 0.009 0.000 0.000 0.001 0.002
1971 3.792 1.270E-04 0.722 0.703 0.042 0.026 0.000 0.000 0.003 0.006
1972 3.753 1.256E-04 0.731 0.728 0.051 0.015 0.004 0.000 0.002 0.003
1973 3.799 1.291E-04 0.721 0.699 0.041 0.046 0.008 0.000 0.005 0.009
1974 3.696 1.195E-04 0.732 0.762 0.065 0.284 0.106 0.000 0.031 0.078
1975 3.785 1.285E-04 0.725 0.708 0.044 0.013 0.004 0.000 0.001 0.003
1976 3.744 1.245E-04 0.735 0.732 0.052 0.033 0.012 0.000 0.003 0.006
1977 3.790 1.290E-04 0.717 0.769 0.047 0.022 0.007 0.000 0.042 0.000
1978 3.800 1.302E-04 0.715 0.706 0.042 0.051 0.018 0.001 0.002 0.006
1979 3.714 1.215E-04 0.785 0.747 0.053 0.160 0.057 0.009 0.013 0.008
1980 3.700 1.196E-04 1.027 0.752 0.029 0.255 0.102 0.261 0.018 0.073
1981 3.790 1.291E-04 0.664 0.738 0.053 0.022 0.007 0.012 0.006 0.008
1982 3.776 1.276E-04 0.697 0.727 0.050 0.002 0.001 0.003 0.001 0.003
1983 3.748 1.250E-04 0.757 0.715 0.046 0.024 0.008 0.003 0.000 0.000
1984 3.774 1.275E-04 0.713 0.644 0.041 0.001 0.000 0.001 0.085 0.008
1985 3.778 1.278E-04 0.725 0.732 0.049 0.004 0.001 0.000 0.003 0.001
1986 3.777 1.275E-04 0.731 0.728 0.049 0.003 0.000 0.000 0.002 0.001
1987 3.774 1.275E-04 0.758 0.702 0.043 0.001 0.000 0.003 0.004 0.003
1988 3.777 1.278E-04 0.770 0.730 0.045 0.003 0.001 0.005 0.003 0.001
1989 3.781 1.282E-04 0.828 0.690 0.039 0.007 0.003 0.029 0.012 0.015
1990 3.833 1.330E-04 0.350 0.599 0.029 0.213 0.066 0.419 0.222 0.077
1991 3.708 1.208E-04 0.250 0.546 0.193 0.198 0.072 0.669 0.466 5.097
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Table E-6b: Cook’s distances using FLUSH with FALLD life-cycle model. Values of parameter estimates
(MLEs) when specific brood years are removed from the data set are also given. The D parameter
was estimated from the spawner-recruit data (FALLD life-cycle model).

MLEs Cook's Distance
Brood Yr mle a mle b mle E mle g mle D d(a) d(b) d(E) d(g) d(D)
1964 4.371 1.422E-04 0.858 0.743 0.036 0.007 0.115 0.000 0.002 0.006
1965 4.361 1.503E-04 0.855 0.754 0.039 0.000 0.001 0.000 0.000 0.000
1966 4.360 1.409E-04 0.859 0.749 0.038 0.000 0.151 0.000 0.001 0.002
1967 4.365 1.576E-04 0.851 0.755 0.039 0.002 0.067 0.000 0.000 0.000
1968 4.514 2.090E-04 0.792 0.686 0.026 1.012 5.035 0.008 0.066 0.107
1969 4.359 1.509E-04 0.855 0.755 0.039 0.000 0.000 0.000 0.000 0.000
1970 4.354 1.509E-04 0.855 0.759 0.040 0.001 0.000 0.000 0.000 0.000
1971 4.388 1.511E-04 0.852 0.737 0.035 0.037 0.000 0.000 0.005 0.012
1972 4.300 1.457E-04 0.848 0.790 0.049 0.140 0.041 0.000 0.016 0.055
1973 4.404 1.542E-04 0.846 0.728 0.033 0.087 0.016 0.000 0.011 0.023
1974 4.313 1.463E-04 0.852 0.783 0.047 0.085 0.032 0.000 0.009 0.031
1975 4.398 1.546E-04 0.848 0.732 0.034 0.068 0.020 0.000 0.008 0.018
1976 4.287 1.436E-04 0.914 0.793 0.046 0.208 0.079 0.007 0.018 0.027
1977 4.383 1.532E-04 0.840 0.814 0.039 0.025 0.008 0.000 0.045 0.000
1978 4.355 1.506E-04 0.860 0.757 0.039 0.000 0.000 0.000 0.000 0.000
1979 4.294 1.445E-04 0.974 0.787 0.041 0.167 0.061 0.030 0.013 0.002
1980 4.295 1.441E-04 1.072 0.799 0.035 0.167 0.070 0.100 0.024 0.008
1981 4.404 1.555E-04 0.750 0.781 0.042 0.089 0.031 0.023 0.008 0.004
1982 4.369 1.519E-04 0.796 0.768 0.043 0.005 0.001 0.007 0.002 0.006
1983 4.352 1.504E-04 0.866 0.755 0.039 0.001 0.000 0.000 0.000 0.000
1984 4.380 1.531E-04 0.823 0.532 0.026 0.021 0.007 0.002 0.664 0.101
1985 4.362 1.513E-04 0.851 0.764 0.040 0.001 0.000 0.000 0.001 0.001
1986 4.360 1.514E-04 0.913 0.732 0.032 0.000 0.000 0.007 0.008 0.032
1987 4.336 1.489E-04 0.693 0.827 0.051 0.019 0.006 0.056 0.066 0.072
1988 4.359 1.510E-04 0.862 0.758 0.039 0.000 0.000 0.000 0.000 0.000
1989 4.379 1.530E-04 1.121 0.709 0.027 0.019 0.006 0.150 0.029 0.087
1990 4.364 1.515E-04 0.781 0.745 0.039 0.001 0.000 0.011 0.001 0.000
1991 4.241 1.396E-04 0.163 0.518 0.184 0.569 0.190 1.013 0.749 11.756
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Table E-7a: Cook’s distances using CRiSP with FALLS (D=0.2) life-cycle model. Values of parameter estimates
(MLEs) when specific brood years are removed from the data set are also given. D is not estimated
from the spawner-recruit data.

MLEs Cook's Distance
Brood Yr mle a mle b mle E mle g mle STEP d(a) d(b) d(E) d(g) d(STEP)
1964 3.741 1.162E-04 0.329 0.855 -0.140 0.017 0.030 0.000 0.000 0.018
1965 3.712 1.212E-04 0.327 0.856 -0.106 0.000 0.000 0.000 0.000 0.000
1966 3.727 1.129E-04 0.330 0.855 -0.128 0.004 0.081 0.000 0.000 0.008
1967 3.720 1.273E-04 0.326 0.856 -0.109 0.001 0.046 0.000 0.000 0.000
1968 3.930 1.760E-04 0.312 0.858 -0.279 1.038 3.624 0.002 0.000 0.504
1969 3.703 1.208E-04 0.327 0.856 -0.098 0.002 0.000 0.000 0.000 0.001
1970 3.678 1.195E-04 0.328 0.856 -0.074 0.026 0.003 0.000 0.000 0.019
1971 3.762 1.238E-04 0.326 0.856 -0.154 0.053 0.008 0.000 0.000 0.037
1972 3.663 1.164E-04 0.329 0.855 -0.061 0.055 0.027 0.000 0.000 0.036
1973 3.776 1.265E-04 0.326 0.856 -0.166 0.086 0.034 0.000 0.000 0.058
1974 3.528 1.026E-04 0.333 0.855 0.062 0.752 0.415 0.000 0.000 0.490
1975 3.740 1.237E-04 0.327 0.856 -0.133 0.017 0.008 0.000 0.000 0.011
1976 3.711 1.209E-04 0.375 0.871 -0.147 0.000 0.000 0.025 0.004 0.027
1977 3.712 1.209E-04 0.316 0.897 -0.083 0.000 0.000 0.001 0.027 0.011
1978 3.713 1.211E-04 0.306 0.852 -0.086 0.000 0.000 0.005 0.000 0.007
1979 3.712 1.210E-04 0.418 0.886 -0.181 0.000 0.000 0.090 0.015 0.094
1980 3.705 1.198E-04 0.458 0.918 -0.199 0.001 0.002 0.185 0.063 0.144
1981 3.712 1.211E-04 0.294 0.867 -0.068 0.000 0.000 0.012 0.002 0.026
1982 3.711 1.208E-04 0.308 0.861 -0.084 0.000 0.000 0.004 0.001 0.009
1983 3.713 1.212E-04 0.355 0.859 -0.140 0.000 0.000 0.009 0.000 0.018
1984 3.714 1.213E-04 0.349 0.912 -0.104 0.000 0.000 0.005 0.050 0.000
1985 3.712 1.209E-04 0.321 0.865 -0.085 0.000 0.000 0.000 0.001 0.009
1986 3.710 1.206E-04 0.325 0.859 -0.083 0.000 0.000 0.000 0.000 0.010
1987 3.714 1.212E-04 0.302 0.916 -0.119 0.000 0.000 0.007 0.059 0.002
1988 3.714 1.213E-04 0.334 0.866 -0.100 0.000 0.000 0.001 0.002 0.001
1989 3.713 1.212E-04 0.339 0.845 -0.103 0.000 0.000 0.002 0.002 0.000
1990 3.711 1.207E-04 0.025 0.766 -0.053 0.000 0.000 0.996 0.127 0.051
1991 3.715 1.215E-04 0.244 0.548 -0.015 0.000 0.000 0.075 1.513 0.144
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Table E-7b: Cook's distances using FLUSH with the FALLS (D=0.2) life-cycle model. Values of parameter
estimates (MLEs) when specific brood years are removed from the data set are also given. D is not
estimated from the spawner-recruit data.

MLEs Cook's Distance
Brood Yr mle a mle b mle E mle g mle STEP d(a) d(b) d(E) d(g) d(STEP)
1964 4.190 1.248E-04 0.208 0.878 -0.062 0.021 0.035 0.000 0.000 0.021
1965 4.156 1.309E-04 0.206 0.878 -0.024 0.000 0.000 0.000 0.000 0.000
1966 4.170 1.225E-04 0.209 0.878 -0.044 0.004 0.067 0.000 0.000 0.006
1967 4.163 1.376E-04 0.204 0.878 -0.025 0.001 0.042 0.000 0.000 0.000
1968 4.403 1.936E-04 0.187 0.881 -0.218 1.060 3.698 0.005 0.000 0.522
1969 4.144 1.305E-04 0.206 0.878 -0.012 0.002 0.000 0.000 0.000 0.002
1970 4.132 1.298E-04 0.206 0.878 0.000 0.009 0.001 0.000 0.000 0.007
1971 4.204 1.336E-04 0.205 0.878 -0.069 0.041 0.007 0.000 0.000 0.030
1972 3.995 1.159E-04 0.210 0.877 0.125 0.443 0.214 0.000 0.000 0.297
1973 4.227 1.370E-04 0.204 0.878 -0.089 0.087 0.035 0.000 0.000 0.060
1974 4.012 1.166E-04 0.210 0.877 0.109 0.355 0.196 0.000 0.000 0.236
1975 4.207 1.358E-04 0.205 0.878 -0.070 0.046 0.022 0.000 0.000 0.031
1976 4.152 1.304E-04 0.290 0.908 -0.103 0.000 0.000 0.090 0.011 0.089
1977 4.154 1.307E-04 0.196 0.925 0.005 0.000 0.000 0.001 0.028 0.010
1978 4.155 1.310E-04 0.212 0.879 -0.029 0.000 0.000 0.000 0.000 0.001
1979 4.155 1.308E-04 0.284 0.908 -0.099 0.000 0.000 0.077 0.012 0.079
1980 4.150 1.300E-04 0.284 0.923 -0.090 0.001 0.001 0.077 0.026 0.062
1981 4.155 1.308E-04 0.161 0.899 0.042 0.000 0.000 0.026 0.006 0.056
1982 4.152 1.304E-04 0.183 0.888 0.013 0.000 0.000 0.007 0.001 0.017
1983 4.155 1.310E-04 0.208 0.878 -0.025 0.000 0.000 0.000 0.000 0.000
1984 4.156 1.311E-04 0.220 0.926 -0.019 0.000 0.000 0.003 0.029 0.000
1985 4.154 1.308E-04 0.200 0.887 -0.001 0.000 0.000 0.000 0.001 0.006
1986 4.154 1.308E-04 0.205 0.879 -0.015 0.000 0.000 0.000 0.000 0.001
1987 4.156 1.311E-04 0.172 0.988 -0.045 0.000 0.000 0.015 0.153 0.007
1988 4.156 1.310E-04 0.208 0.882 -0.019 0.000 0.000 0.000 0.000 0.000
1989 4.156 1.310E-04 0.212 0.871 -0.019 0.000 0.000 0.000 0.001 0.000
1990 4.155 1.309E-04 0.064 0.834 0.004 0.000 0.000 0.258 0.025 0.010
1991 4.158 1.315E-04 0.112 0.487 0.095 0.000 0.000 0.114 1.953 0.186
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Table E-8a: Cook’s distances using CRiSP with the FALLS (D=1.0) life-cycle model. Values of parameter
estimates (MLEs) when specific brood years are removed from the data set are also given. D is not
estimated from the spawner-recruit data.

MLEs Cook's Distance
Brood Yr mle a mle b mle g mle STEP d(a) d(b) d(g) d(STEP)
1964 3.736 1.153E-04 1.060 -0.714 0.012 0.021 0.000 0.013
1965 3.707 1.203E-04 1.061 -0.681 0.000 0.000 0.000 0.000
1966 3.722 1.120E-04 1.059 -0.703 0.003 0.057 0.000 0.005
1967 3.715 1.263E-04 1.062 -0.685 0.001 0.031 0.000 0.000
1968 3.920 1.738E-04 1.072 -0.857 0.685 2.398 0.001 0.402
1969 3.698 1.199E-04 1.061 -0.673 0.001 0.000 0.000 0.001
1970 3.673 1.186E-04 1.061 -0.649 0.019 0.002 0.000 0.015
1971 3.757 1.229E-04 1.061 -0.729 0.036 0.006 0.000 0.029
1972 3.657 1.155E-04 1.060 -0.635 0.039 0.019 0.000 0.030
1973 3.770 1.255E-04 1.062 -0.741 0.059 0.023 0.000 0.045
1974 3.522 1.016E-04 1.057 -0.510 0.529 0.291 0.000 0.396
1975 3.735 1.228E-04 1.061 -0.707 0.011 0.005 0.000 0.008
1976 3.708 1.202E-04 1.061 -0.743 0.000 0.000 0.000 0.049
1977 3.708 1.203E-04 1.049 -0.688 0.000 0.000 0.002 0.000
1978 3.709 1.204E-04 1.057 -0.700 0.000 0.000 0.000 0.004
1979 3.710 1.207E-04 1.064 -0.750 0.000 0.000 0.000 0.060
1980 3.705 1.198E-04 1.078 -0.728 0.000 0.000 0.004 0.027
1981 3.706 1.200E-04 1.087 -0.648 0.000 0.000 0.009 0.016
1982 3.703 1.195E-04 1.081 -0.652 0.000 0.001 0.005 0.012
1983 3.709 1.204E-04 1.056 -0.704 0.000 0.000 0.000 0.006
1984 3.715 1.215E-04 1.296 -0.639 0.001 0.001 0.725 0.025
1985 3.706 1.200E-04 1.079 -0.649 0.000 0.000 0.004 0.015
1986 3.703 1.195E-04 1.068 -0.643 0.000 0.001 0.001 0.020
1987 3.707 1.202E-04 1.191 -0.717 0.000 0.000 0.221 0.016
1988 3.709 1.205E-04 1.073 -0.669 0.000 0.000 0.002 0.003
1989 3.709 1.204E-04 1.042 -0.673 0.000 0.000 0.005 0.001
1990 3.704 1.197E-04 1.071 -0.696 0.000 0.000 0.001 0.002
1991 3.707 1.202E-04 0.615 -0.572 0.000 0.000 2.619 0.161
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Table E-8b: Cook's distances using FLUSH with the FALLS (D=1.0) life-cycle model. Values of parameter
estimates (MLEs) when specific brood years are removed from the data set are also given. D is not
estimated from the spawner-recruit data.

MLEs Cook's Distance
Brood Yr mle a mle b mle g mle STEP d(a) d(b) d(g) d(STEP)
1964 4.185 1.240E-04 1.064 -0.881 0.015 0.025 0.000 0.016
1965 4.152 1.301E-04 1.065 -0.843 0.000 0.000 0.000 0.000
1966 4.165 1.217E-04 1.064 -0.863 0.003 0.048 0.000 0.005
1967 4.158 1.367E-04 1.067 -0.845 0.001 0.029 0.000 0.000
1968 4.392 1.913E-04 1.078 -1.041 0.719 2.515 0.002 0.421
1969 4.139 1.297E-04 1.065 -0.831 0.002 0.000 0.000 0.001
1970 4.127 1.290E-04 1.065 -0.819 0.007 0.001 0.000 0.006
1971 4.199 1.328E-04 1.066 -0.889 0.029 0.005 0.000 0.023
1972 3.990 1.150E-04 1.062 -0.692 0.318 0.154 0.000 0.240
1973 4.221 1.361E-04 1.067 -0.908 0.061 0.024 0.000 0.047
1974 4.006 1.156E-04 1.063 -0.708 0.256 0.141 0.000 0.192
1975 4.202 1.349E-04 1.066 -0.890 0.032 0.015 0.000 0.024
1976 4.150 1.301E-04 1.065 -0.928 0.000 0.000 0.000 0.078
1977 4.151 1.303E-04 1.043 -0.853 0.000 0.000 0.005 0.001
1978 4.151 1.303E-04 1.061 -0.864 0.000 0.000 0.000 0.005
1979 4.153 1.306E-04 1.068 -0.911 0.000 0.000 0.000 0.051
1980 4.148 1.296E-04 1.083 -0.889 0.000 0.000 0.003 0.023
1981 4.149 1.298E-04 1.096 -0.802 0.000 0.000 0.010 0.017
1982 4.146 1.293E-04 1.086 -0.811 0.000 0.000 0.004 0.010
1983 4.151 1.301E-04 1.065 -0.843 0.000 0.000 0.000 0.000
1984 4.158 1.315E-04 1.334 -0.793 0.001 0.001 0.760 0.026
1985 4.149 1.298E-04 1.084 -0.809 0.000 0.000 0.004 0.011
1986 4.146 1.294E-04 1.072 -0.806 0.000 0.000 0.000 0.014
1987 4.150 1.300E-04 1.211 -0.881 0.000 0.000 0.222 0.016
1988 4.152 1.303E-04 1.076 -0.830 0.000 0.000 0.001 0.002
1989 4.151 1.302E-04 1.060 -0.839 0.000 0.000 0.000 0.000
1990 4.150 1.300E-04 1.068 -0.845 0.000 0.000 0.000 0.000
1991 4.150 1.300E-04 0.571 -0.720 0.000 0.000 2.576 0.158
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Table E-9: Cook's distances using the "No Passage" life-cycle model, which ignores the passage model estimates, and
instead estimates passage mortality, the effects of transportation, and extra mortality in the STEP
parameter. Values of parameter estimates (MLEs) when specific brood years are removed from the data
set are also given.

MLEs Cook's Distance
Brood Yr mle a mle b mle g mle E mle STEP d(a) d(b) d(g) d(E) d(STEP)
1964 2.489 8.468E-05 0.263 0.904 -0.533 0.004 0.007 0.000 0.000 0.004
1965 2.448 8.784E-05 0.262 0.904 -0.490 0.020 0.001 0.000 0.000 0.016
1966 2.483 8.265E-05 0.263 0.904 -0.530 0.001 0.025 0.000 0.000 0.002
1967 2.485 9.468E-05 0.261 0.905 -0.521 0.002 0.081 0.000 0.000 0.000
1968 2.510 9.561E-05 0.260 0.905 -0.546 0.029 0.102 0.000 0.000 0.014
1969 2.482 8.720E-05 0.262 0.904 -0.524 0.001 0.000 0.000 0.000 0.001
1970 2.450 8.574E-05 0.263 0.904 -0.494 0.016 0.002 0.000 0.000 0.012
1971 2.530 8.991E-05 0.262 0.904 -0.571 0.074 0.012 0.000 0.000 0.053
1972 2.436 8.322E-05 0.263 0.904 -0.482 0.040 0.019 0.000 0.000 0.026
1973 2.536 9.205E-05 0.261 0.905 -0.574 0.089 0.035 0.000 0.000 0.060
1974 2.344 7.370E-05 0.265 0.903 -0.397 0.436 0.240 0.000 0.000 0.287
1975 2.545 9.346E-05 0.261 0.905 -0.582 0.119 0.057 0.000 0.000 0.079
1976 2.474 8.673E-05 0.304 0.919 -0.559 0.000 0.000 0.027 0.004 0.032
1977 2.475 8.686E-05 0.257 0.927 -0.505 0.000 0.000 0.000 0.009 0.004
1978 2.476 8.694E-05 0.249 0.902 -0.503 0.000 0.000 0.003 0.000 0.005
1979 2.475 8.690E-05 0.346 0.935 -0.598 0.000 0.000 0.106 0.017 0.123
1980 2.469 8.579E-05 0.368 0.962 -0.606 0.001 0.002 0.172 0.062 0.148
1981 2.475 8.688E-05 0.237 0.915 -0.484 0.000 0.000 0.010 0.002 0.023
1982 2.474 8.664E-05 0.248 0.910 -0.499 0.000 0.000 0.003 0.001 0.008
1983 2.476 8.706E-05 0.288 0.907 -0.553 0.000 0.000 0.010 0.000 0.023
1984 2.478 8.730E-05 0.303 1.027 -0.510 0.000 0.000 0.025 0.274 0.002
1985 2.474 8.673E-05 0.255 0.916 -0.490 0.000 0.000 0.001 0.003 0.016
1986 2.472 8.623E-05 0.259 0.909 -0.484 0.000 0.001 0.000 0.000 0.023
1987 2.476 8.704E-05 0.243 0.960 -0.530 0.000 0.000 0.006 0.056 0.002
1988 2.477 8.711E-05 0.269 0.916 -0.510 0.000 0.000 0.001 0.002 0.002
1989 2.476 8.703E-05 0.275 0.890 -0.512 0.000 0.000 0.002 0.004 0.001
1990 2.472 8.631E-05 0.000 0.825 -0.473 0.000 0.001 1.056 0.115 0.041
1991 2.478 8.728E-05 0.185 0.581 -0.423 0.000 0.000 0.093 1.902 0.179
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Table E-10. Covariates for fall chinook spawner-recruit models.

Brood Year
Spawners

(S) Recruits (R) log(R/S) CRiSP P FLUSH P CRISP M FLUSH M
Deschutes
Residuals

1964 7,648 35,240 1.528 0.000 0.000 0.644 0.8693 0.000
1965 6,339 62,471 2.288 0.000 0.000 0.673 1.0226 0.000
1966 8,623 34,329 1.382 0.000 0.000 0.632 0.9713 0.000
1967 10,414 71,436 1.926 0.000 0.000 0.81 1.173 0.000
1968 17,556 48,681 1.020 0.000 0.000 1.016 1.3487 0.000
1969 4,649 35,129 2.022 0.000 0.000 1.207 1.6174 0.000
1970 4,353 43,363 2.299 0.000 0.000 1.16 1.4709 0.000
1971 4,091 22,699 1.714 0.000 0.000 1.138 1.5406 0.000
1972 1,371 17,390 2.540 0.000 0.000 1.237 2.1743 0.000
1973 2,194 15,716 1.969 0.000 0.000 1.147 1.5225 0.000
1974 668 12,910 2.961 0.000 0.000 1.431 1.6965 0.000
1975 1,387 10,619 2.036 0.000 0.000 1.382 1.6984 0.000
1976 691 7,019 2.318 0.075 0.390 1.542 2.1859 0.000
1977 1,011 9,259 2.215 0.129 0.288 1.351 1.6926 0.553
1978 841 4,946 1.772 0.121 0.544 1.461 1.7953 0.053
1979 802 11,657 2.677 0.346 0.556 1.221 1.5225 -0.011
1980 515 7,817 2.720 0.683 0.692 0.86 1.1572 -0.092
1981 878 4,746 1.687 0.569 0.598 0.955 1.1433 0.199
1982 1,209 7,500 1.825 0.633 0.708 0.863 1.1266 0.192
1983 842 8,723 2.338 0.585 0.711 0.962 0.939 0.056
1984 552 9,721 2.868 0.683 0.835 0.904 1.1213 1.199
1985 885 4,821 1.695 0.681 0.800 0.909 1.1906 0.148
1986 1,067 4,971 1.539 0.723 0.892 0.889 1.2078 0.054
1987 462 2,171 1.547 0.744 0.850 0.844 1.1665 -0.929
1988 495 3,748 2.024 0.650 0.792 0.931 1.2366 0.202
1989 418 2,031 1.581 0.772 0.811 0.772 1.1539 -0.444
1990 63 975 2.739 0.922 0.947 0.357 0.4536 -0.154
1991 509 717 0.343 0.941 0.975 0.345 0.4905 -1.026
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B. Influence of 1991 data point on spawning effectiveness

It turns out that 1991 is not only influential for D, but also for spawning effectiveness E. The very flat
posterior across E when 1991 is omitted is troubling.

Here are a few results using CRISP input:

BYr Omitted In(poster) Est D Est E Fix E Value Implied D In(posterior)
91 -51.987 .219 .312 1.00 0.78 -52.220
91 -51.987 0.00 .358 -52.397
90 -52.751 .011 1.00 0.312 .048 -53.537
89 -52.551 .030 1.00 0.312 .118 -53.868
88 -52.869 .027 1.00 0.313 .108 -53.996

The maximum posterior estimate with '91 byr omitted is at D=.219, E=.312. However, by lowering the log-
posterior by less than 0.30 (-51.987 to –52.220) we get E=1.00 and D=.078 and by changing the log-
posterior just a bit more (to –52.397) we get E=0.00 and D=.358 (which is similar to the result in Table E-
4a when BY1991 is omitted). This confirms that 1991 is very influential to shaping the posterior density
function. Nevertheless D appears constrained to lie in the low range and still presents qualitatively different
results from those using the McNary T/C data in Appendix A (although one would have to examine
confidence intervals for the McNary T:C D values to see if those results differ significantly).

C. Additional Comments on Exceptional Observations

1. Inclusion or exclusion of the 1991 spawner-recruit data for Snake River fall chinook needs to be
supported by anomalous circumstances. The mere fact that data is influential is not in itself a reason to
include or exclude it from an analysis. The focus of influence on the S/R data may be proportion
transported, which is heavily influenced by 1990 and 1991 brood years (these years correspond to
highest proportion transported). The proportion transported went from about 1.5% average at LGR
(1979-1990 migration year) to 50% at LGR (in 1991-1998 migration year). There are similar patterns at
Little Goose and Lower Monumental for transportation. The Cooks Distance for D's computed above
are highest in the 2 years of high transportation (1990 and 1991 brood years, 1991 and 92 migration
years), and the sum of Cooks Distance for D (FLUSH) for these two years is almost twice the value of
Cooks D for Ds for all other years (1964-1990, 27 years). The main point is that when estimating D
values from the spawner-recruit data, the years of big influence are the years we transport a lot of fish
(some what intuitive). Therefore, we do not have justification for removing the 1991 brood year from
the analysis unless we believe our estimates for proportion transported do not affect D values.

A counter-argument to this point is that 1990 also had a high proportion transported, but was not as
strong an outlier as 1991. Therefore, the correlation may not be only related to the % transport.
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2. The Bayesian approach might be used to incorporate possible uncertainty resulting from an outlier. This
would be better than removing years from the analysis under beliefs of contingent conditions such as
the relationship of D to proportion transported. The best thing to do is include more years in the
analysis. We have several more years of spawner-recruit data and including it in the life cycle model
may shed some light these uncertainties.

3. Residuals with the spring/summer chinook life cycle model were also large for the brood years 1990
and 1991. This seems to suggest that something was different in these years. Perhaps the birds had a
significant impact on the transported fish, or perhaps it was a result of the 1992 El Niño.

E.3. Importance of improvement in system survival in determining performance of
actions

This section provides a quick demonstration of why the "improvement in system survival" is the important
quantity for determining how an alternative performs.

To begin with, notice that:
predicted R/S ~ exp(a-bS+step)*syssurv (omitting the year effect) [E.3-1]

Improvement in productivity at low spawner levels=
(R/S)_p/(R/S)_r = exp(a_p+step_p)*syssurv_p/{exp(a_r+step_r)*syssurv_r} [E.3-2]

where: _p is the prospective subscript
_r is the retrospective subscript

R/S_p is taken as post 1975 so that step_p=step_r (under the BKD/HYDRO hypothesis for transport
action). Notice that a_p = a_r as well. Therefore equation E.3-2 simplifies to produce:

(R/S)_p/(R/S)_r = syssurv_p/syssurv_r = syssurv.improvement (by definition) [E.3-3]

Rewriting this equation,
 (R/S)_p = (R/S)_r * (syssurv.improvement) [E.3-4]

Notice here that (R/S)_r (the predicted R/S) is approximately equal to true (R/S) which is fixed by the
retrospective data. Thus the only thing in this equation that makes the prospective productivity at low
spawner levels change (between alternatives and hypotheses) is the system survival improvement.

System survival is defined as:
Syssurv = exp(-M) * (D * P + 1 – P). [E.3-5]

Where: M = total instantaneous mortality rate of transported and non-transported fish
D = post-Bonneville survival of transported fish relative to non-transported fish
P = proportion of fish arriving below Bonneville that were transported

For D hypotheses where D is fixed at the same value both retrospectively and prospectively (e.g. D2, D3,
D4), the important factor is the improvement in M and P.
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Appendix F - Notes on Alternative Run Reconstruction
for Snake River Fall Chinook

This alternative run reconstruction was developed for the purpose of providing a sensitivity analysis for
adult passage assumptions. The run reconstruction assumes that adult upstream passage conversion rates
were the same pre-dam as they are presently with four Snake dams and reservoirs in place. It is our
understanding after we have looked at the sensitivities other alternative hypotheses concerning adult
passage assumptions may be evaluated.

To complete the alternative run reconstruction, we used the following steps:

1. Estimate average per pool conversion rate for Snake River fall chinook by using Snake River yearly
conversion rates to estimate per pool conversion for years 1970- 1974 and (in order to avoid problems
with calculating conversions from Ice Harbor dam) using per pool conversion rates (estimated from
Bonneville – McNary dams) for years 1964-1969.

Upstream passage conversion rate calculations are based on comparing mainstem dam fish counts to
estimate losses of salmon during upstream migration. The conversion rate is expressed as an upstream
survival rate. Fall chinook upstream survival rates estimated from PIT tagged adults (see section 4.4.4),
are similar to estimates from the dam count method. The conversion rate is calculated separately for
jacks and adults as follows:

[ ] [ ] [ ]( )yyy

y
y rvestMainstemHaTribTurnLdam

Udam
Conv

−−
=

where:

Udam = adult fish count at the Lower Granite dam downstream of the spawning area or tributary in
a given year
Ldam = adult fish count at Lower Monumental dam in a given year
TribTurn = number of fish escaping to tributaries and mainstem hatcheries between lower and the
upper most dam in a given year
MainstemHarvest = number of fish caught and removed from the Snake River mainstem between
lower and the upper most dam in a given year
y = return year

The per pool conversion is calculated as follows:

yy ConvvPerPoolCon =

2. For each year of data, before completion of 4 lower Snake dams, we did the following to modify the
spawner and recruit information in the run reconstruction: The spawner numbers estimated from the
upper most dam were reduced (in years before 4 Snake River dam completion) to reflect a reduction in
spawners due to adult passage conversion being the same pre-dam as post-dam.
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( )( )yNDBLGR
yjyy vPerPoolConAUDEscTrueEsc ,∗=

Where:

AUDEsc = (Upper Dam count – Hells Canyon trap fish-Snake Mainstem harvest)
NDBLGR = number of incomplete dams below Lower Granite dam

3. Estimate recruitment function for Snake River fall chinook using TrueEsc for years 1964-1974 and
using AUDEsc for years 1975-1996. Recruitment estimates the same as previous run reconstruction (no
need to adjust recruit calculation procedure).

Note: adjustment for John Day dam conversions ignored for now.
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Appendix G - Detailed Analyses of Upstream Conversion Rates

Historical estimates of adult upstream survival rates (called conversion rates) used in the PATH life cycle
models were developed from comparative dam counts within each year. Two independent methods for
estimating adult upstream passage survival have been developed – one relies on radio tagging data collected
in 1992 and 1993, and the other on PIT tag detections at dams during the 1998 adult migration up the
Columbia River. Section G.1 compares conversion rate estimates derived from 1998 PIT-tag data to
estimates based on the dam count method. Section G.2 describes conversion rate estimates based on 1992
and 1993 radio-tag data.

G.1 Adult Survival Rates (& Conversion Rates) from Bonneville (BON) to Lower
Granite (LGR) for 1998 Upstream Migration

Dam Count Method

The conversion rate approach used in reconstructing Snake River salmon runs by Beamsderfer et al (1997)
recognizes two components. The first element is an estimate of the conversion rate from Bonneville Dam to
McNary Dam (extrapolated to Ice Harbor Dam). The second element is an estimated conversion from Ice
Harbor Dam to Lower Granite (base upon conversion from Little Goose to Lower Granite Dam). The Snake
River reach conversion is calculated from the Lower Monumental to Lower Granite Dam counts in order to
avoid using the Ice Harbor counts due to the known fallback problems at that project. For each year,
conversion rates for the Bonneville to McNary reach are calculated by the general formula below. The
results are expanded to account for one extra reach to Ice Harbor Dam. The same formula is applied to
calculate annual conversion rates from Lower Monumental Dam to Lower Granite Dam. Returns to Lyons
Ferry Hatchery and to the Tuccannon River are subtracted from the Lower Monumental count. The
resulting adjusted count is divided into the Lower Granite count for each year in the series. The resulting
annual conversion rates from Lower Monumental Dam to Lower Granite Dam are expanded to reflect the
addition of the Ice Harbor to Lower Monumental Dam segment.

1998 PIT-Tag Detections

PIT-tag detections at BON and LGR during upstream migration of adults in 1998 for the first time allow the
estimation of upstream survival rates. These survival rates can then be compared with the dam count based
conversion rates typically used in Columbia River run reconstruction. However, the PIT tag estimates
depend on an extremely low number of fish (28 adults, 37 jacks.).

Detection rates at Bonneville were extremely low as only fish which went through the coil at the North
Bonneville adult trapping facility (B2A) were detected. In contrast, at LGR, detection probabilities are
estimated to be very high (~100%) based on the route of passage and comparisons of detections in the
ladder versus rack returns (Petrosky and Weber, pers. comm.). Consequently, there are substantially less
fish detected at BON (68 total) than at LGR (153 total). Thus in the absence of a sample rate at Bonneville,
survival rates must be estimated based on the number of fish detected at BON and LGR and the number of
fish detected at BON but not LGR. We estimated these upstream survival rates and compared them to dam
count based conversion rates using the following approach:
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1. Queried PITAGIS for all adult PIT tag detections at BON and LGR.

2. Eliminated all detections of fish that did not originate in the Snake River. Table G.1-2 includes a
complete list of those PIT tag detections considered in the analysis.

3. Summed the number of detections for fish detected at BON and LGR, and the number of detections
of fish detected at BON but not LGR.

4. Estimated the upstream survival rate, adjusted for harvest, as:
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  [Eqn. G-1]

5. The harvest rate used in the survival rate is the TAC (1998) zone 6 mainstem exploitation rate on
SRB’s and is identical to the HR used in estimating the dam based conversion rates. Methodology
used to estimate the dam based conversion rate is described in the text in Section 4.4.1.

PIT tag based upstream survival rates and summaries of detections by life history stage are shown in Table
G.1-1. We considered four different sets of detections:

1. Including detections that were released at Lyon’s Ferry Hatchery and detected at BON and/or BON
& LGR but not including mini-jacks (fish that return upstream the same year they out migrate).

2. Including detections that were released at Lyon’s Ferry Hatchery and detected at BON and/or BON
& LGR and including mini-jacks.

3. Excluding detections that were released at Lyon’s Ferry Hatchery and detected at BON and/or BON
& LGR and mini-jacks.

4. Excluding detections that were released at Lyon’s Ferry Hatchery and detected at BON and/or BON
& LGR but including mini-jacks

PIT tag based survival rates ranged 0.48-0.50 for adults and 0.56-0.61 depending on the inclusion or
exclusion of LYF release fish and mini-jacks. The estimates excluding mini jacks are most appropriate for
application to the run reconstruction. This compares to the dam count based conversion rates of 0.48 for
adults and 0.62 for jacks. For return year 1998, there appears to be little difference between PIT tag based
survival rates and dam count based conversion rates.
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Table G.1-1: Summary of detections and survival rates.

rel LYFE rel LYFE no LYFE no LYFE
TOTAL BON LGR BON +LGR Just BON BON+LGR Just BON BON+LGR Just BON

subyr adults 108 27 81 10 17 10 17
subyr jacks 37 15 22 10 5 10 5
yr adults 1 1 0 0 1 1 0 0
yr jacks 71 22 49 15 7 3 4 12 3
yr mini jks 8 3 1 1 2 1 2
adults 109 28 81 10 18 0 1 10 17
jacks 108 37 71 25 12 3 4 22 8
all jacks 116 40 72 26 14 3 4 23 10
total 225 68 153 36 32 3 5 33 27

Survival Rates
1a.)  Includes fish released at LYFE but no minijacks

Pit Tag Pit Tag
BON&LGR BON&LGR Survival Survival prelim STUFA

BON HR BON -HR after harv before harv SUM Rate/w harv Rate/wo harv conv rate
adults 18 0.228 14 10 13 27 0.48 0.36 0.48
jacks 12 0.022 12 25 26 37 0.69 0.68 0.62
total 30 0.205 24 35 44 68 0.65 0.54 0.45

1b.)  Includes fish released at LYFE and minijacks
Pit Tag Pit Tag

BON&LGR BON&LGR Survival Survival prelim STUFA
BON HR BON -HR after harv before harv SUM Rate/w harv Rate/wo harv conv rate

adults 18 0.228 14 10 13 27 0.48 0.36 0.48
all jacks 14 0.022 14 26 27 40 0.66 0.65 0.62
total 32 0.205 25 36 45 71 0.64 0.53 0.45

1c.)  Does not include fish released at LYFE or minijacks
Pit Tag Pit Tag

BON&LGR BON&LGR Survival Survival prelim STUFA
BON HR BON -HR after harv before harv SUM Rate/w harv Rate/wo harv conv rate

adults 17 0.228 13 10 13 26 0.50 0.37 0.48
jacks 8 0.022 8 22 22 30 0.74 0.73 0.62
total 25 0.205 20 32 40 60 0.67 0.56 0.45

1d.)  Does not include fish released at LYFE but with minijacks
Pit Tag Pit Tag

BON&LGR BON&LGR Survival Survival prelim STUFA
BON HR BON -HR after harv before harv SUM Rate/w harv Rate/wo harv conv rate

adults 17 0.228 13 10 13 26 0.50 0.37 0.48
jacks 10 0.022 10 23 24 33 0.71 0.70 0.62
total 27 0.205 21 33 42 63 0.66 0.55 0.45

Table G.1-2. PIT-tag detections considered in survival rate estimates.

Obs site migr_yr tag_site rel_site tag_id t_run t_rear_type brd_yr
LGR 95 LYFE SNAKER 2214616937 3 H 94
BON 95 LYFE SNAKER 2214655023 3 H 94
LGR 95 LYFE SNAKER 2214655023 3 H 94
LGR 95 LYFE SNAKER 2215272045 3 H 94
LGR 95 LYFE SNAKER 2215342179 3 H 94
LGR 95 LYFE SNAKER 2216211040 3 H 94
BON 96 LYFE CLWR 2216381641 3 H 95
LGR 96 LYFE CLWR 2216656029 3 H 95
LGR 96 LYFE CLWR 2230425373 3 H 95
LGR 95 LYFE SNAKER 2236331735 3 H 94
BON 95 LYFE SNAKER 2236342503 3 H 94
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Obs site migr_yr tag_site rel_site tag_id t_run t_rear_type brd_yr
LGR 95 LYFE SNAKER 2236342503 3 H 94
LGR 95 LYFE LGRTAL 2236477343 3 H 94
LGR 95 LYFE LGSCOL 2237226337 3 H 94
BON 95 LYFE SNAKER 2237375029 3 H 94
LGR 95 LYFE LGSCOL 2237442802 3 H 94
LGR 95 LYFE SNAKER 2237510324 3 H 94
LGR 95 LYFE SNAKER 2237546265 3 H 94
BON 95 LYFE LGSCOL 2237586129 3 H 94
BON 97 LYFE CLWR 2242272156 3 H 96
LGR 97 LYFE CLWR 2242272156 3 H 96
LGR 96 LYFE SNAKER 4153420927 3 H 95
BON 96 LYFE SNAKER 4154606124 3 H 95
LGR 96 LYFE SNAKER 4154606124 3 H 95
LGR 96 LYFE SNAKER 4155144155 3 H 95
LGR 96 LYFE SNAKER 4155347632 3 H 95
LGR 96 LYFE SNAKER 4157416134 3 H 95
BON 96 LYFE SNAKER 4165337202 3 H 95
BON 96 LYFE SNAKER 4165534730 3 H 95
BON 97 LYFE LYFE 5042780006 3 H 95
LGR 97 LYFE LYFE 5042780006 3 H 95
LGR 97 LYFE LYFE 5043033215 3 H 95
LGR 97 LYFE LYFE 5048723953 3 H 95
LGR 97 SNAKER SNAKER 5052763558 3 H 95
BON 97 SNAKER SNAKER 5056750956 3 H 95
LGR 97 SNAKER SNAKER 5056750956 3 H 95
LGR 97 SNAKER SNAKER 5059732858 3 H 95
BON 97 SNAKER SNAKER 5062403210 3 H 95
LGR 97 LYFE SNAKER 5063384530 3 H 96
LGR 97 SNAKER SNAKER 5064133837 3 H 95
LGR 97 SNAKER SNAKER 5064256648 3 H 95
BON 97 LYFE SNAKER 5074772449 3 H 96
LGR 97 LYFE SNAKER 5105426041 3 H 96
BON 98 SNAKER SNAKER 5148291545 3 H 96
BON 98 SNAKER SNAKER 5148661950 3 H 96
LGR 98 SNAKER SNAKER 5148661950 3 H 96
LGR 98 SNAKER SNAKER 5149152748 3 H 96
BON 97 LYFE SNAKER 5.08E+11 3 H 96
LGR 96 LYFE SNAKER 4.15559E+40 3 H 95
LGR 95 LYFE LGSTAL 2.23662E+43 3 H 94
LGR 96 LYFE SNAKER 4.17047E+57 3 H 95
LGR 97 CLWR CLWR 1F410B1203 3 H 95
BON 97 CLWR CLWR 1F41715857 3 H 95
LGR 97 CLWR CLWR 1F41715857 3 H 95
LGR 97 CLWR CLWR 1F464A4E03 3 H 95
BON 97 CLWR CLWR 1F4D3C1543 3 H 95
LGR 97 CLWR CLWR 1F4D3C1543 3 H 95
LGR 97 CLWR CLWR 1F5B1C6A00 3 H 96
BON 97 CLWR CLWR 1F5B302333 3 H 95
LGR 97 CLWR CLWR 1F5B302333 3 H 95
LGR 97 CLWR CLWR 1F5B7D7019 3 H 95
BON 97 CLWR CLWR 1F5C1D2444 3 H 95
LGR 97 CLWR CLWR 1F5C1D2444 3 H 95
LGR 97 CLWR CLWR 1F5D3A7C4E 3 H 95
LGR 97 CLWR CLWR 1F6B265F71 3 H 95
LGR 97 CLWR CLWR 1F6B34281A 3 H 95
LGR 97 CLWR CLWR 1F6B3A7448 3 H 95
BON 97 CLWR CLWR 1F75005B11 3 H 95
LGR 97 CLWR CLWR 1F75005B11 3 H 95
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Obs site migr_yr tag_site rel_site tag_id t_run t_rear_type brd_yr
BON 96 LYFE LYFE 200D3B0C0C 3 H 94
LGR 94 SNAKER SNAKER 200F165A61 3 W
LGR 96 LYFE LYFE 201C316F24 3 H 94
LGR 97 CLWR CLWR 204D0D1D69 3 H 95
BON 97 CLWR CLWR 204D10354E 3 H 95
LGR 97 CLWR CLWR 204D191169 3 H 95
LGR 97 CLWR CLWR 204D1C0671 3 H 95
LGR 95 LYFE SNAKER 22132B380D 3 H 94
LGR 95 LYFE SNAKER 2213355A13 3 H 94
BON 95 LYFE SNAKER 2214046B6D 3 H 94
LGR 95 LYFE SNAKER 22146A2318 3 H 94
LGR 95 LYFE SNAKER 22147D1061 3 H 94
LGR 95 LYFE SNAKER 2215103C63 3 H 94
LGR 95 LYFE SNAKER 221518125F 3 H 94
LGR 95 LYFE SNAKER 22151E7543 3 H 94
LGR 96 LYFE SNAKER 2216062C09 3 H 95
LGR 95 LYFE SNAKER 22162D0372 3 H 94
BON 95 LYFE SNAKER 2216396F34 3 H 94
LGR 95 LYFE SNAKER 2216396F34 3 H 94
LGR 95 LYFE SNAKER 22163D0530 3 H 94
BON 95 LYFE SNAKER 22170B3234 3 H 94
BON 96 LYFE SNAKER 221817177C 3 H 95
BON 96 LYFE SNAKER 22181D6A37 3 H 95
LGR 96 LYFE SNAKER 22181D6A37 3 H 95
LGR 96 LYFE SNAKER 221830755A 3 H 95
LGR 97 CLWR CLWR 221B02363B 3 H 95
LGR 95 LYFE SNAKER 221B235E04 3 H 94
LGR 96 SNAKER SNAKER 221C2E1970 3 H 94
LGR 95 LYFE SNAKER 221C35681F 3 H 94
LGR 95 LYFE SNAKER 221C757272 3 H 94
LGR 96 SNAKER SNAKER 221C7B1539 3 H 94
LGR 96 SNAKER SNAKER 221D076944 3 H 94
LGR 95 LYFE SNAKER 221D1D2B55 3 H 94
LGR 95 LYFE SNAKER 221D2D1315 3 H 94
BON 95 LYFE SNAKER 221D2E200C 3 H 94
LGR 95 LYFE SNAKER 221D305E30 3 H 94
LGR 95 LYFE SNAKER 221D35111A 3 H 94
BON 95 LYFE SNAKER 221D394D1A 3 H 94
LGR 95 LYFE SNAKER 221D452F15 3 H 94
LGR 95 LYFE SNAKER 221D4E507E 3 H 94
LGR 95 LYFE SNAKER 221D543C04 3 H 94
LGR 95 LYFE SNAKER 221D706B15 3 H 94
LGR 96 LYFE CLWR 222D75131A 3 H 95
LGR 96 LYFE SNAKER 222F296A5A 3 H 95
BON 96 LYFE SNAKER 222F72707F 3 H 95
LGR 96 LYFE SNAKER 222F72707F 3 H 95
LGR 96 LYFE SNAKER 222F764319 3 H 95
LGR 96 LYFE SNAKER 2230337A1B 3 H 95
LGR 96 LYFE SNAKER 22323A2F11 3 H 95
BON 95 LYFE SNAKER 223605394E 3 H 94
BON 95 LYFE LGRCOL 2236094A06 3 H 94
LGR 95 LYFE LGRCOL 2236094A06 3 H 94
LGR 95 LYFE SNAKER 22360A4B56 3 H 94
BON 95 LYFE SNAKER 22360E246B 3 H 94
LGR 95 LYFE SNAKER 22360E246B 3 H 94
LGR 95 LYFE LGRCOL 22362E776C 3 H 94
LGR 95 LYFE LMNCOL 22363D236E 3 H 94
LGR 95 LYFE LGSTAL 2236402C70 3 H 94
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Obs site migr_yr tag_site rel_site tag_id t_run t_rear_type brd_yr
BON 95 LYFE SNAKER 223654004F 3 H 94
LGR 95 LYFE LGRTAL 22365F6974 3 H 94
BON 95 LYFE LGSTAL 22366C247A 3 H 94
LGR 95 LYFE LGSCOL 223704617F 3 H 94
BON 95 LYFE SNAKER 22370A6905 3 H 94
BON 95 LYFE LGSCOL 22370E7408 3 H 94
LGR 95 LYFE SNAKER 2237515A46 3 H 94
BON 95 LYFE LMNCOL 2237544C0E 3 H 94
LGR 95 LYFE SNAKER 2237647A26 3 H 94
LGR 96 LYFE SNAKER 22416B2672 3 H 95
LGR 96 LYFE SNAKER 22423B3612 3 H 95
LGR 96 LYFE CLWR 41540A4F09 3 H 95
BON 96 LYFE CLWR 4154592F0D 3 H 95
LGR 96 LYFE CLWR 4154592F0D 3 H 95
LGR 96 LYFE SNAKER 41552A035F 3 H 95
LGR 96 LYFE SNAKER 41557F534D 3 H 95
LGR 96 LYFE SNAKER 41567C6273 3 H 95
LGR 96 LYFE CLWR 41573B3B6B 3 H 95
LGR 96 LYFE SNAKER 41573C1046 3 H 95
LGR 96 LYFE SNAKER 41651F0650 3 H 95
LGR 96 LYFE CLWR 4165325F6A 3 H 95
LGR 96 LYFE SNAKER 41654F131A 3 H 95
LGR 96 LYFE SNAKER 41655A570D 3 H 95
LGR 96 LYFE SNAKER 41655A6918 3 H 95
LGR 96 LYFE SNAKER 41655E4151 3 H 95
BON 96 LYFE SNAKER 416C603819 3 H 95
LGR 96 LYFE SNAKER 416C603819 3 H 95
BON 97 CLWR CLWR 5042451B1D 3 H 96
LGR 97 CLWR CLWR 5042451B1D 3 H 96
BON 97 LYFE LYFE 5042787B53 3 H 95
LGR 97 LYFE LYFE 5042787B53 3 H 95
BON 97 LYFE LYFE 50427B254F 3 H 95
BON 97 LYFE SNAKER 5047043A70 3 H 96
LGR 97 LYFE SNAKER 50473A4D3E 3 H 96
BON 97 LYFE LYFE 50484D147C 3 H 95
BON 97 LYFE LYFE 50487A676B 3 H 95
BON 97 LYFE LYFE 50487B6D0D 3 H 95
LGR 97 LYFE LYFE 50487B6D0D 3 H 95
LGR 97 LYFE LYFE 504A5F0822 3 H 95
BON 97 LYFE LYFE 504A694534 3 H 95
BON 97 LYFE SNAKER 504C1B3F14 3 H 96
LGR 97 LYFE SNAKER 504C1B3F14 3 H 96
BON 97 LYFE SNAKER 504C24754C 3 H 96
LGR 97 LYFE SNAKER 504C24754C 3 H 96
LGR 97 CLWR CLWR 504D2B1354 3 H 96
LGR 97 CLWR CLWR 504E635859 3 H 96
LGR 97 CLWR CLWR 504E6F6617 3 H 96
BON 97 LYFE SNAKER 50523A5F6A 3 H 96
LGR 97 LYFE SNAKER 50523A5F6A 3 H 96
BON 97 SNAKER SNAKER 50526E5866 3 H 95
LGR 97 SNAKER SNAKER 50526E5866 3 H 95
LGR 97 LYFE SNAKER 5053734B48 3 H 96
LGR 97 LYFE SNAKER 505409615C 3 H 96
LGR 97 LYFE SNAKER 50540D2B5B 3 H 96
BON 97 SNAKER SNAKER 5054530C64 3 H 95
LGR 97 LYFE SNAKER 50561B5464 3 H 96
BON 97 LYFE SNAKER 50580E4B04 3 H 96
LGR 97 LYFE SNAKER 50580E4B04 3 H 96



PATH Decision Analysis Report for Snake River Fall Chinook

315 ESSA Technologies Ltd.

Obs site migr_yr tag_site rel_site tag_id t_run t_rear_type brd_yr
LGR 97 LYFE SNAKER 505833464F 3 H 96
LGR 97 SNAKER SNAKER 50594E3F1F 3 H 95
LGR 97 SNAKER SNAKER 5059700A1C 3 H 95
LGR 97 LYFE SNAKER 505A1B475B 3 H 96
LGR 97 SNAKER SNAKER 505A27377F 3 H 95
LGR 97 SNAKER SNAKER 505B303843 3 H 95
LGR 97 SNAKER SNAKER 505B340240 3 H 95
LGR 97 CLWR CLWR 505B574A7A 3 H 96
LGR 97 LYFE SNAKER 505C455206 3 H 96
LGR 97 LYFE SNAKER 505C4C3D74 3 H 96
BON 97 LYFE SNAKER 506075080B 3 H 96
LGR 97 SNAKER SNAKER 50622D7B35 3 H 95
LGR 97 SNAKER SNAKER 506230557D 3 H 95
BON 97 LYFE SNAKER 50633F0E67 3 H 96
LGR 97 LYFE SNAKER 50633F0E67 3 H 96
BON 97 SNAKER SNAKER 50642A6F05 3 H 95
LGR 97 SNAKER SNAKER 50642A6F05 3 H 95
BON 97 LYFE SNAKER 5070065F4E 3 H 96
LGR 97 LYFE SNAKER 5070065F4E 3 H 96
BON 97 LYFE SNAKER 5070074C33 3 H 96
LGR 97 LYFE SNAKER 5070074C33 3 H 96
BON 97 LYFE SNAKER 50765C0719 3 H 96
BON 97 LYFE CLWR 507D235B69 3 H 96
LGR 97 LYFE CLWR 507D235B69 3 H 96
LGR 98 SNAKER SNAKER 514833734D 3 H 96
LGR 98 SNAKER SNAKER 51493C4766 3 H 96
BON 98 SNAKER SNAKER 514A721216 3 H 96
LGR 97 CLWR CLWR 7F7A070A35 3 H 95
LGR 97 CLWR CLWR 7F7A070B44 3 H 95
LGR 97 CLWR CLWR 7F7A070E7C 3 H 95
BON 97 CLWR CLWR 7F7A071350 3 H 95
LGR 97 CLWR CLWR 7F7A071350 3 H 95
BON 97 CLWR CLWR 7F7A071856 3 H 95
LGR 97 CLWR CLWR 7F7A071856 3 H 95
BON 97 CLWR CLWR 7F7A090233 3 H 95
LGR 97 CLWR CLWR 7F7A090233 3 H 95
LGR 97 CLWR CLWR 7F7A091016 3 H 95
BON 97 CLWR CLWR 7F7A091B1A 3 H 95
LGR 97 CLWR CLWR 7F7A091B1A 3 H 95
LGR 97 CLWR CLWR 7F7A0F086F 3 H 95
LGR 97 CLWR CLWR 7F7A0F2005 3 H 95
LGR 97 CLWR CLWR 7F7A0F6C00 3 H 95
LGR 97 CLWR CLWR 7F7A0F745A 3 H 95
LGR 97 CLWR CLWR 7F7A0F7F58 3 H 95
BON 94 SNAKER SNAKER 7F7D357E79 3 W 93
LGR 94 SNAKER SNAKER 7F7D453B7F 3 W 93
LGR 94 CLWR CLWR 7F7D510C7D 3 W 93
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G.2 1992/93 Independent Estimates of Upstream Survival Rate for Snake River
Spring/Summer Chinook

1992 and 1993 Radio Tagging Experiments

Biologists from the Snake River Laboratory of the Washington Department of Fish and Wildlife conducted
radio tagging studies in the Snake River in recent years as part of an ongoing evaluation of upstream
passage and spawning of fall chinook in the Snake River (Mendel and Milks 1997; Blankenship and
Mendel, 1993). Unmarked adult fall chinook were obtained from the Ice Harbor Dam ladder, tagged with
individually coded radio tags, and released above or below Ice Harbor Dam. The radio tagged fish were
tracked as they migrated through the Snake and, in some cases, the Columbia River mainstem. The reports
prepared by researchers involved in the Snake River upstream monitoring project concentrate on fall back
and losses associated with Ice Harbor Dam. The authors report a consistently high rate of fall back of adults
at Ice Harbor Dam. The problem at Ice Harbor has been understood for a relatively long period of time. As
noted above, Ice Harbor Dam counts were not included in the PATH run reconstructions. The appropriate
comparison is with the survival or conversion rate estimates from Lower Monumental to Lower Granite
Dam.

The data to develop direct comparisons with this method of estimating survival rates is contained within the
Snake River radio tagging project reports. In each year, a group of radio-tagged adult salmon were detected
going through the ladders at Lower Monumental Dam. Tables G.2-1 and G.2-2 summarize the disposition
of those fish after detection at Lower Monumental Dam. The fish could be sorted into four major categories
based upon final detections: 1) fish that migrated upstream over Little Goose and Lower Granite Dam (in
some cases after fall back at one or more projects); 2) fish that entered Lyons Ferry Hatchery (located
between Lower Monumental and Little Goose Dams); 3) fish that entered the Tucannon River and remained
there; and 4) fish that were losses in the reservoirs or that fell back out of the Snake system. We
summarized the number of individual radio tagged fish in each category for the two mainstem Snake River
dams upstream of Lower Monumental Dam (Little Goose and Lower Granite). A loss rate for the reaches
defined by each sequential pair of projects was calculated as follows:
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Conversion Rate Alternative
Year Bonn-LGRIce-LGr Estimate Ratio

1992 0.511 0.651 0.67 1.03 Radio-tag
1993 0.560 0.784 0.68 0.87 Radio-tag

1998 0.420 0.520 1.24 PIT tag

Upper Dam Count = Radio Tagged Fish Remaining Above Upper Dam + RT Fish returning to
LFH + RT Fish returning to Tucannon River + RT Fish returning to
Columbia River locations

Lower Dam = Radio Tagged Fish Counted at the Lower Dam

This approach apportions losses to the four categories of known disposition (above LGR, Lyons Ferry
Hatchery, the Tucannon River and confirmed fallback to the Columbia River) by their occurrence at the
upper most dam of each pair. In these calculations, adult fish that fall back at a dam or sequence of dams
and do not eventually show up at one of the four known dispositions are treated as mortalities. Those
mortalities are calculated as loss rates and would apply across the groups in proportion to their presence
within a reach. The estimated loss rate is expanded to represent the Ice Harbor to Lower Granite dam reach
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by taking a square root of the parameter value and raising it to the third power, representing the number of
projects in the mainstem Snake reach.

Detailed results of applying the method to data from the 1993 and the 1992 upstream migrations are
summarized in Tables G.2-1 (1993) and G.2-2 (1992). The results from 1992 should be viewed with
caution. Not all radio tagged fish passing the middle Snake River dams were detected given the sampling
schedules and the equipment employed. The following table summarizes the resulting estimates of
‘survival’ against estimates developed using dam counts and the conversion rate methodology applied in the
PATH evaluations.

Table G.2-1: 1993 Snake River Fall Chinook. Fallback Losses Treated as Mortalities (Data Source: Mendel and
Milks 1998).

Returned To:Detected
at Dam

Fallback
Loss

Remained
Above LFH Tucannon

Fallback to
Col. R.

Accounted
For

Unaccted
Loss

Survival
Rate

72 12 54 5 1 60Over LGR
1 12 87%

89 2 71 11 5 87Over LGO
2 14 90%

Over LMO 138 9 129 30 3 96
Cumulative Total: 23 46 9 26 78%

135 Per Dam 88%
Expanded to 3 Dams 69%

Table G.2-2: 1992 Snake River Fall Chinook: Fallback Losses Treated at Mortalities (Data Source: Blankenship
and Mendel 1994).

Returned To:Detected at
Dam

Fallback
Loss

Remained
Above LFH Tuccannon

Fallback to
Col. R.

Accounted
For

Unaccted
Loss

Survival
Rate

17 4 13 3 1 16Over LGR
3 85%

20 2 18 3 18Over LGO
4 90%

Over LMO 42 3 39 13 2 24
Cumulative Total: 16 2 7 77%

Per Dam 88%
Expanded to 3 Dams 67%
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Appendix H - Retrospective Analysis
of Previous Versions of Passage Models

As discussed in section 4.1 and 4.3.1, the current version of the fall chinook analyses uses revised versions
of the FLUSH and CRiSP passage models that start from the face of Lower Granite dam (i.e. they do not
estimate survival of smolts through Lower Granite reservoir). Section 6.1.2 contains the results of
retrospective analyses of the consistency of these models and other assumptions with historical spawner-
recruit data.

This Appendix contains results of earlier retrospective analyses using fall chinook passage models that
estimated survival of fall chinook smolts through Lower Granite Reservoir (Table H-1). The purpose of
providing the information in this Appendix is to allow a comparison of the fits of various assumptions using
the older version of passage models (i.e. models that start from the head of LGR reservoir) to the fits using
the new versions (models that start from the face of LGR dam). Information for the new versions of passage
models (with upper freeflow survival assumptions) are provided in the top two rows of Table H-1 for
comparison. This information for the new versions of passage models was extracted from Table 6.1.2-1 in
the main report.

The face of LGR versions of the passage models provide better fits to the spawner-recruit data than the
older versions (either including or excluding rearing above LGR reservoir). For CRiSP, the fits were very
strongly better in Table H-1 vs. model #1 and #16). For FLUSH there was a positive (excludes rearing) or
strong (includes rearing) improvement in the fit new FLUSH in table H-1 vs. model #20 and #34).
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Table H-1: Combinations of life cycle model assumptions compared in retrospective analysis of life cycle models.

Abbreviations: BSM = Bayesian Simulation Model; BY – Brood Year. “Exclude rearing” means passage models which exclude rearing above Lower Granite
Reservoir, “Include rearing” are passage models which include this life stage; est.=estimated; f=fixed (value); #pars indicates number of Snake River parameters
estimated; “a” indicates Ricker ‘a’ coefficient; D parameter; STEP parameter; RSS indicates Snake River residual sum of squares; 2*ln(L) indicates twice the
logarithm of the Snake River likelihood; AIC is –2*ln(L) + 2(#parms), the Akaike Criterion; BIC is –2*ln(L) + (#parms)ln(N); 2ln(Pos) is twice the logarithm of
the Snake River likelihood times the prior density of the Ricker “b” parameter; 2ln(J Pos) is twice the logarithm of the joint posterior density for Snake River and
Deschutes stocks. All results reported below utilize passage models with the upper flow assumption (i.e. EJUV2 in Table 5.1-1).

Full BSM
Model #

Passage
Model
Input

Life History
Stages in

Passage Model

Method of
Assigning
“D” Value E" value

Starting BY
for

Estimated
“STEP”

Year Effect Estimated
From # pars “a” E D STEP RSS 2*In(L) AIC BIC

2In
(Pos)

2In
(J Pos)

16 from
Table
6.1.2-1

CRiSP
Face of
LGR

NA Estimated estimated 1970 Deschutes-Snake 6 3.80 0.78 0.03 0.00 4.07 -39.33 51.33 59.32 -39.97 -91.56

34 from
Table
6.1.2-1

FLUSH
Face of
LGR,

NA Estimated estimated 1970 Deschutes-Snake 6 4.38 0.87 0.03 0.00 5.34 -46.91 58.91 66.90 -47.17 -96.76

1 CRiSP Exclude rearing est. est. 1970 Deschutes-Snake 6 4.48 1.00 0.03 0.00 7.41 -56.07 68.07 76.06 -56.40 -105.74
2 CRiSP Exclude rearing est. est. 1970 (No Year Effect) 5 4.57 1.00 0.00 0.00 9.37 -62.66 72.66 79.32 -62.88 -112.36
3 CRiSP Exclude rearing f (D=0.14) est. 1970 (No Year Effect) 4 4.44 0.23 0.14 0.00 10.84 -66.72 74.72 80.05 -67.10 -116.46
4 CRiSP Exclude rearing f (D=0.37) est. 1970 (No Year Effect) 4 4.25 0.00 0.37 0.00 12.64 -71.04 79.04 84.37 -71.75 -121.72
5 CRiSP Exclude rearing est. est. 1970 Temperature 6 4.57 0.00 0.10 0.00 11.22 -67.70 79.70 87.70 -67.91 -117.39
6 CRiSP Exclude rearing est. est. 1970 Spring/Summer 6 4.62 0.00 0.13 0.00 10.29 -65.27 77.27 85.27 -65.34 -114.54
7 CRiSP Exclude rearing est. est. 1970 PAPA index 6 4.57 0.00 0.05 0.00 10.69 -66.33 78.33 86.32 -66.81 -116.12
8 CRiSP Exclude rearing est. est. 1970 Hanford stock 6 4.49 0.00 0.15 0.00 9.75 -63.75 75.75 83.75 -64.03 -113.09
9 CRiSP Exclude rearing est. est. 1970 Deschutes alone 6 4.48 1.00 0.03 0.00 7.80 -57.52 69.52 77.51 -57.85 -106.60
10 none n.a. (No D) est. (No STEP) (No Year Effect) 2 1.92 1.00 n.a. n.a. 12.02 -69.63 73.63 76.30 -83.34 -133.09
11 CRiSP Exclude rearing f (D=0.37) est. 1976 Deschutes-Snake 5 4.33 0.22 0.37 0.14 8.94 -61.35 71.35 78.01 -61.93 -111.14
12 CRiSP Exclude rearing est. f(E=0.0) 1970 Deschutes-Snake 5 4.41 0.00 0.21 0.00 8.99 -61.49 71.49 78.15 -61.91 -111.22
13 CRiSP Exclude rearing est. f(E=0.7) 1970 Deschutes-Snake 5 4.48 0.70 0.05 0.00 7.61 -56.81 66.81 73.48 -57.16 -106.42
14 CRiSP Exclude rearing est. f(E=1.0) 1970 Deschutes-Snake 5 4.48 1.00 0.03 0.00 7.41 -56.07 66.07 72.73 -56.40 -105.74
15 CRiSP Exclude rearing f (D=0.14) est. 1970 Deschutes-Snake 5 4.38 0.60 0.14 0.00 7.92 -57.94 67.94 74.61 -58.45 -107.53
16 CRiSP Include rearing est. est. 1970 Deschutes-Snake 6 4.81 1.00 0.04 0.00 8.39 -59.57 71.57 79.56 -59.98 -109.28
17 CRiSP Include rearing est. f(E=0.0) 1970 Deschutes-Snake 5 4.74 0.00 0.25 0.00 9.89 -64.17 74.17 80.83 -64.68 -114.14
18 CRiSP Include rearing est. f(E=0.7) 1970 Deschutes-Snake 5 4.81 0.70 0.07 0.00 8.59 -60.22 70.22 76.88 -60.64 -109.89
19 CRiSP Include rearing est. f(E=1.0) 1970 Deschutes-Snake 5 4.81 1.00 0.04 0.00 8.39 -59.56 69.56 76.22 -59.97 -109.28
20 FLUSH Exclude rearing est. est. 1970 Deschutes-Snake 6 4.53 1.00 0.04 0.00 6.33 -51.65 63.65 71.64 -51.66 -101.15
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Full BSM
Model #

Passage
Model
Input

Life History
Stages in

Passage Model

Method of
Assigning
“D” Value E" value

Starting BY
for

Estimated
“STEP”

Year Effect Estimated
From # pars “a” E D STEP RSS 2*In(L) AIC BIC

2In
(Pos)

2In
(J Pos)

21 FLUSH Exclude rearing est. est. 1970 (No Year Effect) 5 4.64 1.00 0.01 0.00 8.96 -61.39 71.39 78.05 -61.39 -110.28
22 FLUSH Exclude rearing f (D=0.14) est. 1970 (No Year Effect) 4 4.49 0.24 0.14 0.00 10.07 -64.67 72.67 78.00 -64.70 -113.84
23 FLUSH Exclude rearing f (D=0.37) est. 1970 (No Year Effect) 4 4.26 0.00 0.37 0.00 12.56 -70.85 78.85 84.18 -70.99 -120.93
24 FLUSH Exclude rearing est. est. 1970 Temperature 6 4.64 0.96 0.01 0.00 8.93 -61.29 73.29 81.28 -61.29 -110.17
25 FLUSH Exclude rearing est. est. 1970 Spring/Summer 6 4.57 0.80 0.01 0.00 7.83 -57.62 69.62 77.61 -57.76 -106.51
26 FLUSH Exclude rearing est. est. 1970 PAPA index 6 4.65 0.90 0.02 0.00 8.94 -61.33 73.33 81.32 -61.33 -110.21
27 FLUSH Exclude rearing est. est. 1970 Hanford stock 6 4.62 0.90 0.02 0.00 8.79 -60.87 72.87 80.86 -60.87 -109.72
28 FLUSH Exclude rearing est. est. 1970 Deschutes alone 6 4.54 1.00 0.05 0.00 6.68 -53.19 65.19 73.18 -53.20 -102.01
29 FLUSH Exclude rearing f (D=0.37) est. 1976 Deschutes-Snake 5 4.24 0.20 0.37 0.00 9.52 -63.09 73.09 79.75 -63.25 -112.37
30 FLUSH Exclude rearing est. f(E=0.0) 1970 Deschutes-Snake 5 4.55 0.00 0.13 0.00 8.33 -59.36 69.36 76.02 -59.36 -108.63
31 FLUSH Exclude rearing est. f(E=0.7) 1970 Deschutes-Snake 5 4.54 0.70 0.05 0.00 6.49 -52.36 62.36 69.02 -52.37 -101.79
32 FLUSH Exclude rearing est. f(E=1.0) 1970 Deschutes-Snake 5 4.53 1.00 0.04 0.00 6.33 -51.65 61.65 68.31 -51.66 -101.15
33 FLUSH Exclude rearing f(D=0.14) est. 1970 Deschutes-Snake 5 4.41 0.58 0.14 0.00 7.21 -55.32 65.32 71.98 -55.37 -104.28
34 FLUSH Include rearing est. est. 1970 Deschutes-Snake 6 4.47 1.00 0.05 0.00 7.60 -56.77 68.77 76.77 -56.78 -106.21
35 FLUSH Include rearing est. f(E=0.0) 1970 Deschutes-Snake 5 4.43 0.00 0.17 0.00 9.23 -62.24 72.24 78.90 -62.25 -111.62
36 FLUSH Include rearing est. f(E=0.7) 1970 Deschutes-Snake 5 4.47 0.70 0.07 0.00 7.72 -57.24 67.24 73.90 -57.24 -106.61
37 FLUSH Include rearing est. f(E=1.0) 1970 Deschutes-Snake 5 4.47 1.00 0.05 0.00 7.60 -56.77 66.77 73.43 -56.78 -106.21
38 No

passage
N/a est. est. 1970 Deschutes-Snake 4 2.26 0.12 - 0.00 4.68 -43.22 51.22 56.55 -46.43 -98.43
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Appendix I - NMFS Survival and Recovery Standards – A Primer

The way in which a specific hydrosystem action affects the chance of an individual spawning stock going
extinct is difficult to estimate, because there may be unpredictable population behaviors at low
abundance. The performance measure we use to describe the possibility of extinction here is called a
“Survival” standard. This was developed by the Biological Requirements Working Group (BRWG 1994),
and has largely been accepted by NMFS for use in Snake River chinook salmon jeopardy determinations.
The Survival standard is the fraction of time during many simulations that the spawning abundance of a
stock is above a specified low threshold. For the seven spring/summer chinook stocks we examined in the
Snake River Basin, the threshold level used is either 150 spawners or 300 spawners depending on the
characteristics of the stock and the stream. These levels were chosen because below these levels,
spawner/recruit relationships are poorly known and unpredictable changes in population behavior are
likely to occur. For Snake River fall chinook (one stock only) a provisional survival standard of 300
spawners was developed by the BRWG, and adopted by NMFS in their 1995 Biological Opinion. The
survival standard is calculated for simulations run over 24 and 100 years. Survival thresholds were
developed by the BRWG specifically for spring/summer chinook, and provisionally for fall chinook, but
have not yet been extended to steelhead or sockeye

The effect of a certain hydrosystem action on the chance of a spawning stock recovering is described by
the “Recovery” standard chosen by the BRWG, who proposed 24- and 48-year recovery standards. The
1995 Biological Opinion used only the 48-year recovery standard: this is the fraction of simulation runs
for which the average spawner abundance over the last 8 years of a 48-year simulation is greater than a
specified level. For spring/summer chinook stocks the specified level of abundance (the recovery level) is
different for each stream, and is 60% of the pre-1971 brood-year average spawner counts in each stream.
We use the average abundance of spawners over the last eight years as an index of escapement to
compare with the specified recovery level for each stock.26 For fall chinook, the recovery standard used in
the NMFS 1995 Biological Opinion was 2500 spawners.
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Figure I-1: Recent trends in Minam River spawning abundance to 1991, relative to its survival (150) and
recovery (450) levels of spawners under NMFS jeopardy standards. Also shown are the 24-, 48-,
and 100-year periods for future projections.

                                                     
26

We compare the geometric mean of simulated future escapements with the arithmetic mean of historical abundances (recovery
standard). This difference in summary statistics is recognized, but we use this method because the recovery levels are generally
accepted targets, and the geometric mean is an accepted summary statistic for skewed distributions such as abundances of fish
over time.
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Both jeopardy standards apply to individual stocks. However, the overall performance of the system
under different options needs to be described in terms of how each option affects a representative sample
of all listed stocks in an Evolutionarily Significant Unit (ESU). For Snake River fall chinook, there is only
one stock in the ESU so this is straightforward. To apply these performance standards, NMFS has defined
an overall Jeopardy Standard which considers, among other things, these model-derived probabilities as
measures of the ability of an action to prevent extinction of an endangered stock. To meet this standard,
an action must result in a “high likelihood” of being above the survival threshold level and a “moderate
likelihood” of being above the recovery level. “High” and “moderate” likelihoods have been informally
defined as being 0.7 for survival standards, and 0.5 for recovery standards.

Actions can be ranked according to their relative performance (i.e. actions with high probabilities of
meeting the standards have greater biological benefits than actions with low probabilities), or according to
some criterion (e.g. actions must have at least a 0.50 probability of meeting all of the standards). The
establishment of such a criterion is a question for policy-makers, and we have not attempted to define one
here.

Box 1-1 outlines how we compute and display the probability that a given action will meet one of the
three NMFS standards. Since there are three standards, there are three such probabilities. The overall
probability of meeting all three NMFS standards is determined by the lowest of the three probabilities.

An important point to note about the probabilities of meeting the standards is that these probabilities
explicitly incorporate the uncertainties we have defined (Box 1-1). That is, the probabilities are based on
outcomes arising from all of the alternative hypotheses and the various combinations of those hypotheses.
Therefore, actions with high probabilities meet the standards under a broad range of possible hypotheses
about future conditions (a robust action), while actions with low probabilities meet the standards under a
narrower range of hypotheses.

The probabilities also incorporate weights on the alternative hypotheses that reflect the relative likelihood
of being true. Outcomes derived from hypotheses that have a high likelihood of being true contribute
more to the overall probability of meeting the standards than outcomes that are derived from hypotheses
with a lower likelihood of being true. Weights on hypotheses can be developed through a comprehensive
review of the evidence for and against alternative hypotheses, as we have done for spring/summer
chinook through the Weight of Evidence process. However, in the absence of such process, the best we
can do is to place equal weights on all of the hypotheses to reflect our lack of knowledge about which
hypotheses are more likely than others. This is the case for fall chinook, because we have not yet gone
through a Weight of Evidence type of process for that species.
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Box I-1: General steps involved in calculating the probability that a given hydrosystem action will
meet a NMFS standard. This example assumes all hypotheses are equally weighted

1. Select one combination of hypotheses for this action (a “run”).
2. Simulate many possible future trajectories for this combination of hypotheses, over the next 100

years, given uncertainties in stock productivity, climate etc.
Simulated escapements
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3. Calculate the probabilities of exceeding survival threshold (over 24 and 100 years) and recovery
threshold (years 17 to 24, and years 41 to 48).

4. Repeat steps 1-3 for all possible combinations of hypotheses and actions. We want to know the
fraction of runs meeting the NMFS standard, and the average probability of exceeding the threshold.
These can be displayed in a number of ways. For action X, the fraction of runs meeting survival
standard = 0.4 (0.2+0.15+0.05), and average probability of exceeding survival threshold is 0.61. For
action Y, the fraction of runs meeting survival standard = 0.25 (0.1+0.1+0.05), and average probability
of exceeding survival threshold is 0.5. Cumulative frequency distributions (bottom left) show the
fraction of runs above any standard for actions X and Y, and box and whisker charts (bottom right)
show the range of results.

Frequency Distribution of Results for Action X

0
0.05

0.1
0.15

0.2
0.25

0.0-
0.1

0.1-
0.2

0.2-
0.3

0.3-
0.4

0.4-
0.5

0.5-
0.6

0.6-
0.7

0.7-
0.8

0.8-
0.9

0.9-
1.0

Probability of exceeding survival threshold

Fr
ac

tio
n 

of
 ru

ns
 

(h
yp

ot
he

se
s)

Runs Below Standard Runs Which Meet Standard

Survival standard (0.7) 

Average = 0.61

Frequency Distribution of Results for Action Y

0

0.05

0.1

0.15

0.2

0.25

0.0-
0.1

0.1-
0.2

0.2-
0.3

0.3-
0.4

0.4-
0.5

0.5-
0.6

0.6-
0.7

0.7-
0.8

0.8-
0.9

0.9-
1.0

Probability of exceeding survival threshold

Fr
ac

tio
n 

of
 ru

ns
 

(h
yp

ot
he

se
s)

Runs Below Standard Runs Which Meet Standard

Survival standard (0.7) 
Average = 0.5

Cumulative Frequency Distribution of Results

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

1

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Probability of exceeding survival threshold

Fr
ac

tio
n 

of
 r

un
s 

ab
ov

e 
pr

ob
ab

ili
ty

 

Action X Runs Below Standard
Action X Runs Which Meet Standard
Action Y Runs Below Standard
Action Y Runs Which Meet Standard

Survival Standard (0.7)

Avg. for Action Y

Avg. for Action X

0

0.2

0.4

0.6

0.8

1

X Y

Actions

Pr
ob

ab
ili

ty
 o

f e
xc

ee
di

ng
 

su
rv

iv
al

 th
re

sh
ol

d

0

0.7 low
mean
high



PATH Decision Analysis Report for Snake River Fall Chinook

326 ESSA Technologies Ltd.



PATH Decision Analysis Report for Snake River Fall Chinook

327 ESSA Technologies Ltd.

Glossary of Terms, Acronyms, Variables and Parameters

αααα: extra mortality in a given year for a given sub-region (i.e. Snake River, Lower Columbia River).

δδδδ: year – effect parameter for a given year (common year effects affecting both upstream and downstream
stocks).

εεεε: normally distributed mixed process error and recruitment measurement, which depends on year and
sub-basin.

λλλλ: post-Bonneville survival factors for transported (λ t) and non-transported smolts (λn).

µµµµ: incremental total mortality between the Snake River Basin and the John Day project in a specific year.

ωωωω: system survival (e-M * [DP + 1 – P]).

a: Ricker a parameter.

b: Ricker b parameter.

A1, A2, A2’, A3, B1: Management Actions (see Table 1.2-1).

Aggregate hypothesis: a set of alternative hypotheses about all components of the system (stock
productivity, downstream migration, marine survival, etc.).

AIC (Akaike Information Criterion): -2 ln (Likelihood) + 2p, where p = #parameters.

BIC (Bayesian Information Criterion): -2 ln (Likelihood) + p*ln(k), where p = # parameters and k= #
observations.

BKD (Bacterial Kidney Disease): a serious salmonid disease which can cause death or health
impairment in both juveniles and adults.

BOD (Bonneville Dam Observation Program: An accounting of the fall chinook at Bonneville Dam by
bright (upriver late maturing stocks) and tule (lower river early maturing stocks) designation.

BON (Bonneville Dam)

BPA (Bonneville Power Administration)

BRWG (Biological Requirements Working Group)

BSM, Fall-BSM (Bayesian Simulation Model)

BY (Brood year): the year in which a fish was propagated or spawned.

Brights: late maturing fall chinook typically from above The Dalles Dam. Bright in color and not yet
ready to spawn when they enter the mouth of the Columbia River.

CARTs (Categorical Regression Trees)

cp: complexity parameter.
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CPUE (Catch Per Unit Effort)

CRFMP (Columbia River Fish Management Plan) an agreement between sovereigns that allocates
fishing effort in accordance with a harvest schedule designed to rebuild stocks and meet treaty
obligations with Native Americans.

CRiSP (Columbia River Salmon Passage Model)

CWT (Coded wire tag): a tiny tag (1 x 0.25 mm) generally imbedded in the nose cartilage of fingerling
or fry while the fish is still in the hatchery. The coded tag allows detailed data on brood year, date
of release, and other information to be obtained when the fish is recaptured years later.

D: ratio of post-Bonneville survival of transported fish to post-Bonneville survival of in-river fish.

Depensatory: a process that causes mortality rates to increase as abundance decreases. An example of a
depensatory process is when the number of individuals removed by predation remains constant as
the population abundance decreases.

DES: the naturally spawning bright fall chinook index stock from the Deschutes River. A secondary
component of the URB harvest management unit.

Drawdown: releasing water from a reservoir to lower its elevation, thereby reducing surface area and
cross-section. This increases water velocity (at any given discharge) in comparison to velocities at
higher water levels in the reservoir.

E: climate index variable (PAPA drift). Represents the latitude of a drifting object after three months drift
starting at station PAPA.

EJUV: Equilibrated Juvenile survival rates following drawdown.

EM (Extra Mortality): extra mortality is any mortality occurring outside of the juvenile migration
corridor that is not accounted for by either: 1) productivity parameters in spawner-recruit
relationships; 2) estimates of direct mortality within the migration corridor (from passage models);
or 3) for the delta model only, common year effects affecting both Snake River and Lower
Columbia River stocks.

EMCLIM: Extra Mortality / future Climate.

ESA (Endangered Species Act)

ESBS (Extended Length Submersible Bar Screens)

ESU (Evolutionary Significant Unit): a population or group of populations that is considered distinct
(and hence a “species”) for purposes of conservation under the ESA. To qualify as an ESU, a
population must: 1) be reproductively isolated from other conspecific populations; 2) represent an
important component in the evolutionary legacy of the biological species.

F: average flow (in thousand cubic feet per second) at Astoria during April-June.

FGE (Fish Guidance Efficiency): the percentage of juvenile fish approaching a turbine intake that are
guided into facilities designed to bypass the turbine.

FLUSH (Fish Leaving Under Several Hypotheses): a passage model developed by the State and Tribal
fish agencies.
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FCRPS (Federal Columbia River Power System): the major hydropower dams of the lower Snake and
lower Columbia rivers.

FTT (Fish Transit Time): the time it takes smolts to travel from the head of Lower Granite pool to the
Bonneville tailrace.

GBT (Gas Bubble Trauma): non-lethal or lethal effects of the growth of air bubbles in the
cardiovascular systems of fish.

HAB: habitat effects.

HYSER: a U.S. Army Corps hydro-regulation model to predict monthly flows associated with a
particular method of operating the hydrosystem.

HYURB: the naturally spawning Upriver Bright fall chinook index stock from the Hanford Reach and
Yakima River area (McNary Pool). The major component of the URB harvest management unit.

IHR/IHB (Ice Harbor Dam)

ISAB (Independent Scientific Advisory Board): scientific body that provides independent advice and
reviews to NMFS and the NPPC.

I.T. (Implementation Team): an inter-agency policy group to whom PATH reports.

In-river survival rate (Vn): direct survival rate of non-transported smolts. The in-river survival rate is
estimated from the top of the first reservoir encountered to below Bonneville Dam.

JDA/JDD (John Day Dam)

Jeopardy standards: main performance measures used in PATH preliminary decision analysis to
evaluate alternative management actions and assess sensitivity of outcomes to various uncertainties.
The Jeopardy standards are a measure of spawning abundance relative to pre-defined thresholds
that are associated with survival and recovery of endangered stocks (see Survival standard and
Recovery standard).

KCFS: a unit of measure for flowing water, expressed in thousands of cubic feet per second.

LGO/LGS (Little Goose Dam)

LGR (Lower Granite Dam)

LMO/LMN (Lower Monumental Dam)

LRW (Lower River Wild): a Columbia River fall chinook harvest management unit that is composed of
bright stocks below Bonnevile Dam, including the North Fork Lewis River stock.

m: total direct passage mortality rate, including both passage and extra mortality.

∆∆∆∆m: extra mortality rate, expressed as an instantaneous rate, which depends on year and region, and is
calculated as the differences between total mortality (m) and passage mortality (M).

M: direct instantaneous passage mortality rate of juvenile fish (both transported and non-transported)
from LGR pool to below BON.

MCN (McNary Dam)
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MLE (Maximum Likelihood Estimate)

NFL: the naturally spawning bright fall chinook index stock from the North Fork of the Lewis River. The
major component of the LRW harvest management unit.

NMFS (National Marine Fisheries Service)

NPPC (Northwest Power Planning Council)

Natural river drawdown: an option for implementing drawdown of dams where the reservoir is
completely drained to create a free-flowing river. This is done either by removing the earthen
embankments adjacent to the dam structure, or by building a channel around the dam. In either
case, diversion of water around the dam structure results in loss of power-generating capability.

Natural Spawner: Adult salmon that spawn in-river as opposed to returning to artificial spawning
channels and hatcheries. Their origin may be natural or hatchery.

OSCURS: an ocean circulation model.

p: depensation parameter.

P or Pbt: the proportion of juvenile fish below BON that were transported.

PAPA: an index of ocean currents

PATH (Plan for Analyzing and Testing Hypotheses)

PDO (Pacific Decadal Oscillation)

PIT (Passive Integrated Transponder) tags: these tags are used for identifying individual salmon for
monitoring and research purposes. The miniaturized tag consists of an integrated microchip that is
programmed to include specific fish information. The tag is inserted into the body cavity of the fish
and decoded at selected monitoring sites.

PMOD: Passage Model.

PREM: Predator Removal effectiveness.

PRD (Priest Rapids Dam)

PRER: length of pre-removal period.

PROSP: prospective model for the distribution of extra mortality (Alpha or Delta).

PSC-CTC (Pacific Salmon Commission Chinook Technical Committee): deals with ocean salmon
harvest management issues.

Productivity: natural log of the ratio of recruits to spawners for a specified time period (in the absence of
density dependent mortality). Measured here as the intercept or “a” value from the Ricker
spawner/recruit function.

R: "observed" recruitments (returning progeny) originating from a given set of natural spawners
(parents). The measurement may be taken at different points, such as the spawning ground, or the
mouth of the Columbia River (including or not including ocean harvest impacts). In this document,
recruits include all mature (jack and adult) returns of natural origin.
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Rkm (River kilometer): a measurement of river length in kilometers typically taken from the mouth of
the river or tributary to the designated landmark following the course of the river.

R/S: recruits per spawner is the number of mature fish returning to the point of recruitment (R) divided by
the number of spawners in the parent generation (S).

Recovery standard: the performance measure used to describe the effect of a certain hydrosystem action
on the chance of a spawning stock for recovery; the fraction of simulation runs for which the
average spawner abundance over the last 8 years of a 48-year simulation is greater than a specified
level (different for each stream).

s: FLUSH variable for survival to below BON of control (non-transported) fish.

S: "observed" spawners (parents). In this document, jacks are not considered to contribute to spawning, so
only adult spawners are counted as parents. All adults on the spawning ground, regardless of origin,
are considered to be parents for the natural-origin recruits.

SAR (Smolt-to-adult return rate): survival rates of fish from the time they pass the upper-most dam as
smolts to the time they return to that dam as adults.

SRB (Snake River Brights): a Columbia River fall chinook harvest management sub-unit that is part of
the URB unit, now tracked separately due to ESA listing of Snake River fall chinook. The naturally
spawning bright fall chinook index stock from the lower Snake River.

SRI (Survival Rate Index): the residuals from a fit of stock recruitment function to a given period of
brood years. The natural log of the ratio of observed R/S and predicted R/S from a fit of observed
recruitment data to the Ricker spawner/recruit function.
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